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here. Two major decrements, are noted, a general deterioration of sensory func-
tioning and a slowing of higher cognitive processes. The latter slowing may be
sufficient to affect performance in situations in which time demands on respond;
ing are on the order

The`
fractions of seconds, but would propably not affect most

work situations. The general effects of experience, combined with an increase
in verbal intelligence throughout the wotking years, argues for increased compe-
tence of older individuals in many work situations. There are indica ions that
spatial reasoning abilities and the ability to develop solutions ne roblems

( "fluid intelligence") decrease with age. Secondary and review articles
overstate this effect. The primary studies themselves have serious designflaws.
The best designed studies indicate that the drops do occur, but that the effect
may not begin to be serious until the middle 50s-or beyond. BeciUse of problems
an design and/or choice of performance-measure, this topic requires further ex-
ploration.

The above statements refer tO general trends. Very wide individual differ-
ences are found. Although the relative order of individuals on tests of mental
competence remains remarkably constant over adult life. the hsclute difference
between people increases.. In practice, this means that as people age, those

cMpla who initially had high levels of ability retain them, while people with
tially low levels of performance get worse. This finding farther emphasizes

the importance of obtaining recruits who are of average or above average ability
as young adults. It also suggests that high ability personnel in the 40-60 age
range may be preferable to younger personnel of low ability, especially given
technical experience.

General, physical health is related to the maintenance of cognitive perform-
ancethroughout adult life. In particular, indications of cardiovascular prob-
leMs (hypertension, heirt (Moses, minor strokes) are usually accompanied by
slowing of performance in cognitive tasks. There are indications that immoder-
ate use of alcohol can produce substantial loss in cognitive performance, prob-
ably 'on a permanent basis. The evidence is quite clear that this happens if
alcohol use is carried to the point of frequent severe intoxication. The evi-
dence is less clear if use is limited to frequent social drinking, but there is
a distinct possibility that this is a causelof loss of cognitive functioning in
adults. Losses In sensory capacity, particularly, audition, are exacerbated by
environmental hazards.

Standard medical examination proCedures for sensory fUnOioning (e.g,, vis-
ual acuity charts),appear to underestimate the functional lnss suffered by an
individual in demanding work situations. New human engineering standards may be
appropriate for work stations that are to be operated by people in their 40s and

50s, in order to accomodate for sensory deterioration. Medital and Psychologi-
cal research should be initiated to develop indices of an individual's function-
al age by individual differences in physical health (especially cardiovascular
problems) and health-related behaviors (exercise, alcohol and stance abuse,

etc.). The goal would be the development of a reliable medi al and psychologi-
cal Screening procedure to identify older personnel at ris for performance de-

cline. A study should be initiated of long tern changes i performance ith

age in service relevant populations. The Reserie forces are s e as an

appropriate populatiup,. Thit study is needed because, of the quest (maple re16#
vance of some of the tests used in the literature as indicators of performance
in military work situations, and.because previous studies have indicated that
different aging trends may be foUnd in different populations.
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Kaval Researcht-gave a colloquium at the University of Washington in
which he discussed psuchological problems faced bu the modern
Military. One of the problems that he meraloned was the problem ,of
obtaining ep.rough " oung and vigorous" enlistees, and retaining them

t1/: 2long.enough so. t they returned the training investment to the'
-services. this Piqued the cuilousity of one'af illp (EH), who began to
read in the afea, and to talk with CH, who had his graduate training
in the Psychology of Aging. The demographic problem was clearcut:
the Derrise Department, and mbre generally U.S. industry as a whowle,
qust ceome to grips with. a simple demographic fact. The age'
distribution of our population, is going to c4ange markedlu over the
next twentu to thirty years. Modern industries, including but
certainly not limited to the Defense Department', use people as
information processing.devices more than they Use them as sources of
power. We wondered whether or not there were age-related changes in
cognition that would force changes in industrial practice. .r

When we turned to the literature for guidance, we quickly
discovered that the literature simply was not organized to answer our'

question. Therp were two reasons., Most of the research oh
"gerontological Psychology" is motivated bu a desire to understand
the life changes associated with old age. Work in the field is also
strongly oriented toward the study of cognitive c4angesrthat Might

preduce a problem for.an (elderly) individual in is'or her daily

life. These twb prientatiorks are reasonable. Mu h of the research
in this field Is funded by an agency (The Nat}onalInttitute on
Aging) thdt is specifically charged with considers ion of the,-

pribblems of the elderly. The scientists wh work problems of
aging;Fhave a strong institutional and persohal comm tment to-ward'

doing something for treatment of these individuals. Fdr our
purposes, though, these two orientations were somewhat unfortunate...
We wanted to know something about changes in cognition that occurred
during the normal working wears. Such changes would Probably be
small,,, and wul.d affect an individual only Oaduallu. From the point
of view of an epidemiologist or economist, however, small changes in
individuals Might mean major changes in the effectiveness of a work

force.

We concluded that a survey was required,. directed at the
specific questions' thatwe wished to'have ansWered. With the
encouragement of Dr. Halff and Dr. Marshall Farr of the Office of
Naval, Researcht.we spent a substantial amount of 4time reviewing the
iiterkature and asking psychologists and phusztians what the* know -

about "miOdle aging". In, addition, we have atso'visited various
industrial and Naval establishments, in.order to get a better.pictUre
of current pnsonnel.practices.L-Our hope was that we Would then be
able. to make a better guess about how the changes in people that the
scientists saw as possibly affecting the way that a particular high l
technology organizationv,the U. Navy,-had to do its business;
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Aging and Cognition

1. INTRODUCTORY REMARKS

I

/
Since world War II the alted.States has drawn its military

manpower from post adolescents and young adults. The typical
career pattern for a soldier, sailor, marine, of airman has been
to enlist in the late_teens or early twenties and serve for a

singleienlistment period. In order to obtain the skilled
techniFians that the modern military needs special efforts are
made to retain and train a cadre of professional specialists who
serve for'ionger,periods of time. It is well known that thli
system of recruitment Is not working setisfactorily today and
that, given inevitable demographic. changes, the problem is likely
to be worse in the near future. The,services must find some way to
enlist and fetain more experienced technicians, both In the

. ..

commissioneo and noncommissioned ranks.
,

.-
1 /

Two courses of action are possible. The services could attempt
, to improve their retention rates, which are presently quite lows

/
y while continuing to train specialists themselves. This will be

called the "retention option." In addition, programs could be
initiated to enlist older persons, who are already skilled, to
fill technical positions. Direct recruitment of skillild People Le
done. now tot a few military occupations, noticeably ledicine, and

widespread practice in the 19th century. The option of
recrulsting olrectly into the higher ranks will be called the
"Jaterial entry" option. It Is likely that both options will be

v.\

takehp.beeause our nationa-Il policies demand a strong military
force. Either optiontis certain to have one.result; the average
age of servicemen an51, women will increasev Will, this'Oan a
military with -reduced vigor a; grOater ski.li7 Wnat Is tile
'tradeoff oetween these possibilitTes7 This report examines one

, .

i
aspect of the prat:dem; the likilhood of changes in the cognitive .

cApacities of older,personnelA here defined is indivi4uakS ranging
In age from 2b to 60. ' . , 1111,

. )
There would be ho real reason for the military-ta'be interekted

in investigating cognitive chanies in aauits Af.age chaRges In the-
military population were'expected to be small. On the contrary,
we believe that substantial "aging"-of the mjitarylorce is

11

likely. This Ls partly because o the extreme youth of the
present active duty force. In 197 ,only 12% of active duty male
enlisted personnel were over 35,a_d only 1% were-over 45. The
compatable figures for the civiirark work force were 52% and 33%:.*
When the retention Problem it-solved the Armed Forces population
can be expected-to move .toward but not .reach the age distribution

se_ of the civilian work force. A reasonaole estimate of the eventual
*Mary Age distrioution can be obtained by looking at the
present Reserve forces. These were the people who "almost" made
the military a career. As ofithe end of 1980, 33% of Naval
Reserive enlisted pefsonnel and 62% of Reserve officers were over
the age of 3O (U.S. Naval Reserve).Reserve Manpowerp'Moballizstion

) 4

.
a

NEP

)kr 1149



.

Aging and Cognition

Planning, end Policy Division, Notes 1 and 2). It thus seems
reasonable to suppose that the number of active duty personnel
over age 35 will,aeleast double, Efelateral entry and retention
attempts are successful.

A related issue Is how the older personnel will be used. Major
changes from current practice can be expected. At present, and In ,

the immediate pas(' older, more experienced inalviduals lave been,
assigned to supervisory, roles. This tradition will have to4e A

'edified. It will make more sense to retain everienced people In
those positions Where thiir experience Is rele3aRt. Titi; means
that inalviduatt who actually operate equipment will be older than
they are now although not "old" In the usual sense. Rut
suilcinctly, there is no proposal to empioy 55 year old
infantrymen, but 40.yea'r old tank drivers are a distinct

,4 *"

Economic analyses of, the use of older personnel in military
roles have gehersally been encouraging lifinikIn and Kyrlakopolous,
1979f Parker, Chrietenseni.and Every, 1978). It has been pointed
out that more, mature servicemen are bettet motolvated and more
reliaole. Surveys have shown that there are relatively few
service occupations that make physical demands beyond those that
can be met by a reasonably healthy forty year old man, and most of .

the normal pnysicai'demands encountered In service life coulebe ,

handier; oy.people In their,fiftles. The economic analyses.of
wnlch we are aware,,however, do not appear to hate considered the
possibility that there Are important cilanges In cognitive
capaoilitles from age 20 to age 60. The issue is a complex one.
foresnaoowing.our conclusions It Is fairly eess. to demonstrate
declines in cognitive performance over the working years, if one
_CILOOSeS tne right/tasks. ,Conversely, At is also fairly easy 6
aemonstrate increased cognitive performance,over the same age, by
4.different cnoide of tasks. To complicate the matter further,
within any age group there are.wide individual differences. These
increase with age. On almost any measure of cosnitlye performance
the difference Itetmeengtwo randomly chosen fortywfear olds is
likely to be greater than the difference between two ranaomiy
chosen twenty, year olds. furthermore, the services are'rightly
concerned with performance, not potential. In general °icor
personnel.have more experience on the Jo and have maae more
stable social adjustments than have young milts. These positive
aspects of "mloale aging" often translate Into, more efficient
performance, with dramatically reduced requirements for
supervision. In the normal individual' the positive aspects of
maturity almost certainly ocerwhelm any minor effects of
deterioration, at least up.to age 3$ Beyond that age some
cognitive chanses occur, In some individuals, that may present
prebblems In some occupations. these qualifiers should be kept
In mine In evaluating the data reported In the remainder of this
report..

The rep ort Itself Is organized Into'tnree sections. Each'
1

r2
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.

1

section reviews different empirical findings concerning Age
relatio changes In cognition (luting the working .years; arbitrarily
oeftnedias the period froi age &5 to act-55. Section 2 raises Some
generilliesues about-the Studies of aging. Section 3 describes
what has been learned by psychometric studies, inioihich people of
vetting ages are given different forms of intelligence tests.
This data provides a useful broad view of intellectual change.
The following sections describe more limited studies of human
information processing, conducted within the tradition of
experimental psychology. The topics covered' are sensory function,
tile ability to maintain attention, response, selection, speeded
cacision making, accuracy of retention of Inforaa.ttor in memory,
and problem solving. A general critique of work-An the field is
incluaeo.

The last section of the report deals with possible actions'by
the Armed Services. These fel) into two headings; iodifiCations
of present practice, 'and the initiation of orograms of'research.

2. THEORETICAL 'AND METHODOLOGICAL ISSUES

The study of aging involves mote e than.calculatIng the
correlation coefficient between chronological ape ano performance
-measures. This section presents several Ideas wrylch are of
central importance In understanding and evaluating the literature.

MODELS gfAGIUG
.

Thesomplest view of adult aging is that it represents
in evitable biological deterioration. This wiii be called the
biological oecrement mottle!. It characterizes change from young
adulthood to did age as a 'decline from peak capacity to 4

Progrtssively lower levels of performance. The decline Is assumed
. , tu'be due to the biological aging process. Reductions In

physiological functioning lead In turn to reductions In cognit ive

. performance.' The model certainly captures some of the truth about,
aging, but overall it Is a gross simplificatio of the facts. The

2l
rate of biological aging varies considerably'b weeningiviouals,
so that an inolvidualls "biological age!" is ot e n.poorly

1
estimated by chronological age. Mbreover, within an Individuals,
biological subsystems may age at widely aarylrig rates. Thus any
statement about general biological trends, lett, alone their
'cognitive consequences, may be quite inaccurAte when applied to an
inblvicuaf. .

......" II
1464 i r '-

I
. . 0

A second limitation of the biological decrement mooel ts that
it may lead to oversimplified interpretations of the *effects of

,urging upon cognitive behavior In a walk environment.' We shall
repeatealt stress tradeoffs between decrements in maximum capacity
due to age and increasis In efficiency of performance due to

4
..3 ..

i i
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exrerience. The need to considet_experience is partEcularly
impor.tant wherein "elementary", cognitive probess has been..
Isolated bymeans of complex experimental techniques. Even it age .

detiCits, in this process are found in the experimental laboratory, ,

we must'still judge whether tnese deficits will limit the
performanceof an experiencedperson.in familiar working
sikuetions.

.
.

. The processes ofthiological aging are statistically related .

, tor but areconceptually distinat from many pathological procestes
whicn are correlated with chronological age. Cancer, .

arteriosclerosis,, ,diabetes, and arthritis aCe'examples of
ages-correbfted pathologies which are (not inevitaoli associated
with the aging process, although their incidence increases with
inc.keasin age. SOme age-correlated diseases, especially
-cerebrovascvlar disease, hypertension, hormortal dysfunction, etc.,
have deleterious cognitive effects.' Certain behaviors (e.g.,
alcohol and drug abuse) may lead to poor health arid bnorlrat

physio,logii;a1 .210 cognitive decline. In.this revie , we,take the44
position that normal aging changes must be distinguisheo from
pathological aging changes. Admittedly, the distinction can be
somewhat arbitrary .r.7 today's "normal aging" might be tom:an:W
p'etriolugy after oisdOvery,of a new,diSease process. However, the
distinction remains important. Many of the apparen effects of
aging may be.modifieo by personal heelfh practices o by t .

aggressive environmental and occupational safety prop ems. In
,cunsioering the industrial-Implications of an aging wo k forcer It
Is obviously important to distinguish between Inevitabl and
mod cable changes IA worker characteristics.

s .
. -. .

Because we are- concerned with industrial effects, we,
generally shall not discuss changes In cognition that have been
folind in tne elderly, i.e. people beyoho t normal.Fetirement
age.. By'contrast, most of the Literature on aging his \,

concentrated on the elderly, arbitrarily those past 60% This is
an important distinction,.bebause organic problems, includeng

- senile oeoientias, ,begin to account to more and more of the,
variance in cognitive behavior as' people reach great agei; Thus
the literature on the eloerry may stress a biological mndel that

1 is appropriate for one age period, but quite inappropriate for '

another. 'ol note that thIsidoes not always mean that biological,
mooels apply only!to the el9efly. Because people in the work
force genera ly face more demanding information processing tasks,
a biological deficit that could be ignored by a retireu person

. might be limit r 9 to a. person employed In a taxing situation.\
c

- .
\

nur co ncentratist on t e working years pres ented us with a
Nproblem in seriewing he a ing literature. There are relatively
few stuoles that examine the a5 -60 age interval. The Modal study
of aging is a two group comparisons young occults (often 18-20 year
o'f'd students) versus old aoults (often 65-75 year old ietiraes),.

01 Comparisons are not merely poorly suited to our purposes --' It

. .

. , .4- . .
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they are also often of questionable methodorogical validity. Thus
we have deliberately excluded mahyvid/yoUng comparison studies
from this revLew, keeping only those that User a potentially
important insight into aging effects 'cognition, or those that
cover a cognitive change likely to. e impprtant over tht &Quit
working years. rot basically t same raison we shall not discuss .

studies of.pathological agi gp.such as Alzheimer's disease or
Huntinotorilt Chorea.

METHODOLOGICAL CO SIDERATIONS

Most studies adult aging utilize a crosssectional 'design,

in whicit people of different ages are Compared at the same- point
in time: In order dt infer 'that group differenmeS in pprformance
are due to group di fetarices in age one- must assume that the
groups testes are et efwise com able. It Ps extremely difficult
to do this, because afferent election factors operate when one
recruits participants from dif erenteige groups. Lachmeiti,

Lachman; and Taylor ( 981) exa fined Several relevant journals, aril
concluded that about 8, 7. of the reports that.are'publlshed failed
to pay sufficient atte tion to this issue. Largely because of
this problem, dne must e concerned aoout the replicaSility of 1 '

crosssectional studies when evaluating the litertturei While It
is probably impossible t control for all Possible confounds with
age in any one study, di trent studies will have different
biases. Age effects can then be discerned.by detecting
consistencies in the results from several independent experiments.

.*1

Longitudinit al studies of aging follow a panel oliPorticipants
for an extended length of time. Intuitively, this is a more valid
way to establish-age trends. Longitudinal studies, though, also
have practical and tneoretical ilmttations4.The .greatest practical
limitation Is the expense of recpylting and maintaining a ;ample. imilmok

Another sarious issue Is how ro.presentative 'the sample is of the
general. population...oft-is -difficult to obtain', sample -of
"typical people" to participate In a study that extends 'for years
Longitudinal studies nave tended, to be biased tdward,the use of
.upper-middle class subjects, who are socially and.geographically
more stable, or to the use of panels recruited troisi peOple. who

deal with a specific institution, such as the Veterans'
Administration. The problem'of subject selection occurs both in
initial recruitment arif6Imore seriously, in the stage of followup
.testing. People-who remain in, p*neis tend to be those who are, on
the average, better socially adjusted, healthier, and more
cognitively competent. As a result, longitudinal studies Present
a more oerirga Olicture of aging than Is obtained from .

crosssectional studies.
' - V

The. use of young/old desionS (or more extended
cc-Oilsectional sampling) has led to the general use of arialys$
o variance techniques to Judge the statistical signTf& nce of

1 n
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.

age differences. We have'observed wo probems which have been
'consistently associated with this ap roach: acceptance of the null
hypothesis (no age changes), and reference to the proportion of
age- predicted, variance. ItAls sometimes the case that a study
will fail to,ceJect -the null hypothesis of no age dihferences, and
will then cOoluOt that sthert are no age changes until age X.".
Such a statement Is not warranted unless the Investigator also
evaluates the power °tithe statistical comparison. Surprisingly,
this simple statistical fact is frequently ignored both in the
primary an secondary literature.

A slightly different problem of interpretation arises when an
investigator finds that the, age effect only accounts for a small
propurtion,of variance, and thed cpncluoes that "age effects are
reliable out small, and. are pubaoly not of great practical
importances"/Practical )mportatIce is something that cannot be
oeeined In general, it must be defined In terms of the costs and
benefits in a specific situation. A decrement In choice reaction
time that would betrivfal to a retired tanker might be cause for
retiring an airplane pilot. Our teelihg is tha4most worktrs in-
gerontology, wno understandably are strongly oriented toward
()eating with the prOolems of the elderly, Interpret "practical" as
meaning "has a notable effect on the individual's lifestyle."
Chanles-ih performance that are not practically important, In this
iensei can be extremely Important from the point of view of.a
large employer, such as the Armed Services. Loosely, the
difference Is between the viewpoint of a particular Individual,
who might be calculating the chances of an accident happening to
them) compared to the viewpoint of, an employer, who must calculate
toe expected number of accidents In an organization employing
literally millions of people. ForebrevIty, we shallfrefer to
these different viewpoints as a concern for "clinical" finclk
"industrial" effects. Small changes' cognitive performance will

. be olscussed whenever it appearsthat they miunt have effects at
the inobstrial level. Such anj(effect might weir De disregarded at
the c\lInlaal level.

41m4ny reports age effects are evalhated by asking whether
,tir or hot\one aje Troup is,,"statistrcally different" from another

along some dimension of performance. It Is ;wiener* more
fruitrui 4 diseuss.gends, rather than crimpatIsdhi, between
specific groups. 'To d5 this orie,must 'fit some krne of Oecremental J.

curve (I near' exponental/ ett.) to the groupmeans fora-ITO:trent'
age grow s. Age curve frtting is helpful in,asking whether
average age changes appear to have begun prior some or In

estimatittl\ the average rate or change. ,-There:are several
limitation* of this type of fflting, 1--owever. turves of this kind
may give an average "deveiopmental.curve" Does not
accurately reflectthe true aging curve of anti given Individual.
FittIng.the means Ignores the indivichilal variability about the
-means. A good fit or a curve fuhettorilto the observed means does
not Imply that,there are no Individual differences In agin2 Tett*

'
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,.Finally, sAmitarsIty, In aging curves between different cogrilti;e
procetses In no way Implies a commoh=causal mechanism, and Should'
riet.be so interpreted. Even given these Imitations, we shall

curvefind age urve fitting to be t,usdful way Of summarizing many
comitive'effetts of aging ouTing the working years.

..COHORT.EFVECTS

Our lastmethodologJcel point deals with a moderately subtle
issue thaA has introduced a.confounding into easily'95Z of all

studies of aging. This is the."cohort effetts" ohlch was fir,st
discussed in detail by Schsie (12,5)." A'cohort tip tor our
purposes, a group of people who Xoln 0 populatidn of interest et a
paiticuler time. Examples would tit ill people born in 1903, or
all people entering the II:ulnas in 1967. Cohort 'effects are
effe4ts on performance that are speclf4c to a particuiir cohort.
tuiPpose, Avis reasonable4 that one's adult verbal skills are
detirmineg,largely by habits acquired durimp the school years.
S.uppose further that the length"and effectiveness of schooling
Jricrea4e4,steadlly from 1920 until 1950. A cross-sectiona( study
of verbal Intelligence, conouCted in,19.75.might have revealed an
"age related decline" In verbal perforiiance that was actually due
to thd older subltct; having receiv44.1ess effective schooling,
cather,than bein due to awe Itself. The problem is that in the
cross-sectional design any cohort effects are completely
confoundvd with are etfect1. One can even think of situations In

a cohort effect would produce 4 "negative age effect'."
-Continuing the ewmple, suppose further that the effectiveness of
public education as dropped froN950 to 1980. (Indeed, many

.* observers nave claimed that It has.) It SOP and if school
acquired verbal habit's are maintained throughout adult late, f
"hegative age ,effect" shogio appear in a cricts-sectional study

-2 '
, conducted 1n-the-year 2000.

4.1.

Longitgdinal studies, being studies of a parti.cular conorp do
not confound age and conort effects. The findings.of a
longitudinal study, however, are stipatistical-ly only generalizable
to tne cohort stapled. 4

1.

$.401 There are comPlic atdd designs that c an be used to evaluate
cohort and age effects separatel4k(Schitie,1965, 1977).
Essentially theise-oesigns involve the conduct of repeated
cross-sectional designs, over a period 9f years. Thus the cohorts
born 0 1440, 1950, and 1960 plight be sampled, in 1980, 1980, and
2000.., Combined longitudinal anp cross-sectlshal designi do solve
Ate logical"problem of cori4cuhded age and cotott,effects-. Ti

. problem with these desgns is that they are to expensive that they
can seldom be utilized., 1",

Cokort effects are or importance in the study of
aging over the working years, because tnere are, 'marked cohort

IL' effects In 1:ridustrial-settings. The military services afford a
good.exaMplt. 4which,members Of a cohort Jai!' the military depends'

4
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UPVA the social conoitions prevall.Ing at the time that cohorti
enters the normal military recruitment age. /nsparticqlar,
changes from war to peed% and the introductiod of an all volunteexi
service nave markedly affected military recrui merit in.the oast

twenty rs. The sort of cohort effects that one would expect .

from, th social changes probably Interact n aging effects.
People w h high levels-of abIlltx as young *du is have generally
been found to be more resistant to the effect's of age on
cognition. There is a well.documented treno,towayd the enlistment
of more and more Individdais 01 lower mental(-catclories las
measured by the Armed Forces Qualification TeW,',at least spice
1975. Iof we combine these two facts, we are force'd to predict

that those servicemen and women who were recr4lted;in 1980 will,
on tne whole, not provide as hign a perdentaget of Aualsfied senior
personnel, fifteen or twenty years hence, s 4ICAhe cohorts,
recruited in the 1950s and 1960s 'when they reactied their thirties

- aka forOes.

CONCLUOLNG 'COMMENTS. .4
,.,1 -

. .

3'

Pecounting III the poss161e design,tlawiitnat can aftlict
research studies can have"aideacienind sri c:f Till's As true'ot any

field. One simply cannon throw up oriels 4a s and say "Adthing riii.

'can. qe learned: Human Agi-no Is a natural Ahem meson that-will T:w.,
.4111k

. ' ..."never be studied in.& controlled laboratory environment. The

Ideal experimental design is Impossible to achieve. The concept
of aging is itself nedulous. To what extent should'one be

concerned only with the aging process.itself, aild'toswhat extent

should one be concerned with kite.events that 'are not aging, but

that are statistically associated with age? In gle following
sections we shall review many stgdles.. None ot tnem will
uniquivocalvit_determine/noW cognition changes from 20 to 60!
/akea. p'they preSent a coherent picture.

'fig
.

sr
s.

. .%

s'
3. PSYCHOMETRICS

LIENERAL

Thisssection reviews the literature on age changes.in
Anteliigence, as measureb by traditional' psychometric tests. The

1 "psycliometric" ilteretdre, is typically contrdsted to the
"experimental" literature, which.reporti the investigation of
cognition 'oy'lassic expeeicental methods. Thi$ sort of division
of knowledge Is a taxonomy by method of investigation, rather than
a taxonomy by content. It is necessary because differences in
methodology have leao,to di /ferences in theory.

Altnoagn the term "psychometric mitho s" has come to connote

41 _group administration ofpaper end pencWt stsA:if knowledge,

-

.

1
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ressoninb,,and other'dognitive SKII1S, the term originally implied
the application of classical gea&urement theory to the study Of
cognsition (Nunally, 19791.' Psychometric methods were developed so
that individual differences in knowledge and thinking could be
measured byki: stenaard set of criteria. Although many
"psycholietrists" expi citly recognized that an understanding of
basic cognitive processes would require e syntnesis of Information
gathered fro, the paper and pencil tests with data collected by
other measurement methods (*ThurStone, 1944), the psydllometrists
and experimental psychologists have gone their separate_ways until
fairly recently ( Carroll and Maxwell', 1979; Cronbach, 19571.-

Comparing tfte two kinds or studies can be confusing, because
of specialized metnods and terminology. In expermentsi
psychology two mental processes are distinguisned from each other` .

oishowing that different experimental manipulations proauce
different effects. If the manipulation of certain stimulus
characteristics effects one aspect of task performance, but not
the other tnis Is takinT'as evidence for different processes
underlying tne two performances. The same log.ic is used In
Asycnomefric studies of intelligence, but the' experimental
Variable is tie Identity of the individuals tested. Suppose, as
is the case, that verbal problems are hard for some people, while

A spatial problems are hard for-,others. Therefore tnere must be
Alstimct processes underlying verbal and spatial problem striving...

'441/4,,-.,:r.althougn the logic underlying experimental and psychometric
psychology iLestmlier, the manipulations that are feasible and the
data analyses methods that are used can be quite different. As a'
result, the two technologies, cannot always be used study the same
cognitive processes. It is hard to imagine a paper and pencil
test of the speed of visual perception. It is equally hard to
imagine a two hundred person correlational study of psychophySlcal
effects. On the other hand, where the technologies can be,used to
attack the same problem, they are basically Itudyrng the same
topic. Therefore, it should not be surprising if tne conclusions
drawn fro'm Osycnometric.studies of "intelligence" parallel-
conclusions from experimental studies about "cognitive processes".
I ndeed, one can regard a comparison of conclusions drawn about
aging and its effects upon coOnItion as a rougn cneck on.the
validay, of each metho.1,

, 0

Compared to the experimental technology, the psychometric
technology has both a markeo aavantage,nu a marked disadvantage.,
The advantage Is that testing procedyretio-may be used with much_
Larger samples.. The large sample reduces the likelihood of
obtaining an age effect because of unusual performance by a few
IndivIduals. It also makes. it possible to exercise it greikt deal
more control over popullation variables that may be confoultded With.
age.; This is in marked contrast,to'many experimental studies, In

which investigators have All too often abandoned any pretense to
representative sampling from different age groups, and thus have
committed tne contoundings that were discussed in tne comments

.
s.
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made above concerning cross-sectional designs. In cobtrest, there
are at least some psydhosetric studies that have attended
oarefiJity to the oeflnitionoof the population to be staled, and
to tne use of a co,risiiXent sampling rethog from different age
groups, within that ponulatitiv. F,mrthermote, the psychometric
literature is not solely dependent upon cross-sect ion41 studies
for infetendes.on age effects. Longitudinal studies are more
common in.psychometric than in experimental psychology. On
occasion psychomAc studies have used sophistioated
combinlations of and longitudinal Jesigns, and
these hive proven informative. Were these methods to be applied
to experlmenia..1 studies, the cost would generally be prohibitive.

4-The%disadvantsice of the psychometric method is that the
behavior rpcorded Is usually ,a gross one, tne total number of
items corrp5t on a particular test. Such a summarization loses a
grpat information ,about' the cognitive processes that are
agpUed to waive different problems within a test. Consider a
Ommonly used psychometric for measuring spati41-abliity. People
are aSheo to compare rotated figures to some cdiparison figure,
and to oetermine whetner the figures.are identical. The test
typically includes several different figures,-,etten a different
one for each item. A person's score is aetermined by the total
number ,uf items compieted In a fixed time perloi. It has been
found that older peoplecomplete fewer items than younger ones.
Tne,oge qfference In performance might reflect an increase in tf.a
time needed to rotate and coppare tbe figures inside the head, or
it might reflect an Inability .to,tisymlize a rotation altogether
for some pfores. Age differences might be largest for certain
types of flaires. While sophisticated item analyses can oe_used to
investigate these !sloes, usually no such investigatjon is made.
The intorit4tion needed is usually .lost in the process of
calculating the total number of correctitem r .esponses. However,
as weshill see beloW, experimental models and techniques make It
possibid determine the locus of individual differences in
spatial rotation of images wore precisely. rr

a

More ,eperaliy ; when we compare psychometric tom experimental
Data .re_ often find that, although the nature of the defining
Difference between groups (e.g., young Vs. old) js ilkelq. to be
more clearly stated in a psychometric Sludy? the theoretics,'
explanatloq of the depenoent Ivariaole Is often more speculative.
Since tbq 4dvanfoges of the one technology are the disadvmntaqes
of the 0,tner, p'erhaps tne must enligntening findirljs are those in
whiai 014 psychometric and experimental conclusions complement x.

each other.

4

THE cilc,AGING PATTERN
1

y

Cross-sectional ?studies 61.'" intelligence' have repeatedly
produced results that Botwinlck (19771 has referred. to as the

4

-1O-.

ti



4

*Ns

A

I

,

''so= VOCABULAFie
s

46"
-

38 -`

"..

N 34
,P 0

26

. 22 I

es 1

I

20 28 33 38. 43
AG

4

A,
Changek in Vocabular Test mid Test of the.ability to

notate,and compare figures "inside,the head. ". Data

from cro:s settio al survey of Hawaiian residents. , ..

(441sorr t. al. 1975).
4., .

ea

I

a

'" 7 .J"-,
, ;

. 0 .....c

1
;Id!. /8r - Y





s
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"classic"aging pattern." Performance on tests of verbal ability
shows little change 'feel* 20-60, ono mayeven increaser. ,

Non-verbal skills decline with age. The classic pattern is
illustrated in Figure 1, which shows the results from a large
cross-sections/ study. The test battery included a standard
vocabulary, test and a paper and pencil .measure of spatial
rotation. The ip4itilal test asked individuals to compare pairs o
three-dimensional, figures, composed 01.0roups of cubic blocks.
The two figures were either idehtical or mirror-images, rotated
different orientations. Indivikluals are asked to.compare the t o
figures and determine whether .they are identical or Mirror- -lead=s.s.
As Figure 1 shows, ther# was are /sue sae differences in the
spatial measure but not in the vocab4lary test. A similar plc ure
ha& been obtained in studies using traditional intelligence tests,
such as th'e Wechsler Adult Intelligence Test (WAIS). Figure
shows the WAIS norms across ages for WAIS Verbal and Performa ce
scales (Matarazzo, 1972). Note that the Performance subscale
shows cross-sectional age differences from roughly age 30 on ar,
while the Verbal subtest does not. Indeed, Wechsler labeled his
Verbal subtests "Hold" tests,. and his Performance subtests " °rift
Hold" tests, precisely because of the cross - sectional effec s
snown in Figure 2.

The WAIS subtests are sometimes cro kOzed witnin the .

psychometric literature for being "factorlailkcomplei" -- meaning
that they measure multiple kinds of Intelligenee,Jor many
purposes it is more useful to consider performance.onr cognitive
traits tnat are more elementary than global messarts 64 verbal and
non-verbal intelligence. Such traits are solgeilmes 6411e .

"Primary Aoilities iThur.sfone, 1938/. This complexity u.14;,,,_

dl tort underlyiki age differences jridore basic levels f
,:- --

Infeillgence If the age differences were not consistent or IL

different Kinds of intelligence. A Prototypical primary abilitY,, e

theory may be .found in a review by Horn 119784 wno argu s that
roughly some 30 primary abilities havi been reliably de onstreted. ,..,

This coincides with the c clusio f several other wor ers. The
Educational Testing, Service mly used Referenc,0# Kit for k

,

Primary Mental A6Ilitiek.now contains 23 separece.4sts (Ekstrom'
French, and Kerman/ 1916). Horn, and sev.araijithet the rists,1 i'-'.

have concluded that tome of He abilities'ari arranged.
nimrarchially, with more primitive traits contributing to global- 7

ones, sucn as rverbal intelligence." ,
,

,,-- . .
,

.

CrOsv.sectiona4 studies have reported age dIftere e% on

_
several primary abilities, Spatialorrientation juld in uctive
reasoning see, to be particularlysusceptible t age ffects (

, Schae,'195911 Otb,r studies have reported cross-sec lonal age
. differencis on measures of ,perceptual -speed and ries! ility. For

example, Lee and Pollack C1978l'reportved sizable cro s-sectionej
declines in performance on the El.ibedded Figures Test whiCn
requires individuals to detect a figUrai embedded wit In a
concealing context. The results of'studies using to is of
specific prleirx abilities genersilyemonform to the he classic

'

,. ,
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.,,

aging patterns tests of reasoning, problem solving.,- spatial
,v.1;dajizatien,mand.....tha._like show, greater cross-sectional 4ge,
differences, an measures of vocabulary and veroal fluency
ilOotwinick, 74 714.

.

Conclusions drawn on the'basis of average data must be
qualified by considering individual variatun about the average.
,There are iatge individual differences in psychometric test
performance among adults over the working years.. This will be a
recurring theme throughout our report. Figures 3 and 4 chart
cross - sectional age effects on the Raven's Progressive Matrices

, tests a wloely used test of nonverbal reasoning, and the Ellphorn
Mazes, a measure of spatial problem solving (Heron and Chown,
1967). Raven's test is oftparticular interest, since It is

considered, one of the oetter measures .of inductive reasoning
ability. Individuals examine a sequence of pictures to discover.
the sequential pattern of pictur.es, and then induce what the
pattern of amissIng picture. should be. Figure 3 shows that
average performance on thp Raven declines with-Tridreasing age,
beginning during the 301s. However, the riot WindividuAl data
snow the large range of indiviaual dliffebocas in Raven
performance at. 04:fterent ages. Note that') 'in general, the spread

.,of inolviuval differences is large ielative to the mean s

. performance levels within each age group. In fact, some of the
nighest.scores An the(sample were obtained by subjects in their
60's and older; Figure 4 snows that trils type of effect is by no
-means specific to,the Raven -- the are inolvidual ,differences
are fuuna lor Elithorn Mazes as well. The individual ditferences
observea on test performance are not'ranaom, they are reliably
re14teo to otner characteristics of the Individual. This topic
will be cckvelvd in more detail In a subsequent section.

6

4
..r.

jli classic aul/no pattern represents the typical results of
I). cross- fictional studies. Longitudinal stud 'es, which follow

40dividuals over a pAilod,of years, show much less decline jn
nonverbal measures of intelligence, Indeed",tne_lonlileudinii data
suggests that the decline occurs in the 60's Dr litics. and is not

i consistently founo for.all individuals. Longitudinal decilne,

§
/ where it leobserved, is apparently often associated with declines

i;

In physical health (Baltes and Lebouvie, 1973; Jarvik, Eisdorf.er,
. and Blum, 1974; Jones, 195c0. .4
r ,

C0HOKT LFF.ECTS 40. MUDIFIOtS of 1HE CLASSIC PATTERN .

.-' , , . .. ,,,

In the section on methodology, It was pointed out Lt coport
effects could) in itneery, distort the pattern of age of acts.

.

Such effects do exist, and if not considered, ,may lead to an
tverestiTatlom,ot the size Of age effects., Tnls has been shown by
e.4eries of studies conducted by K.W. Schale'ana nis colleagues
(5,Fhaleo.19*9). These experiments represent perhaps the best

l'ktetI9ned study of'agfing that is sh the literature.. Basically,

iS

t qtaleis group conducted a combined.longituoinai and
cross-sectional' study of members of a grouwhe, altm plan'.

> ,
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Thurstesets test Of five primary,abilities,a946 vetsiont ttas
admini tered to adults of different ages (t-ircross-sectional t
sample). These individuals were then repeatedly retested over time
(longitudinal sampling). Every new testing, a new cross-tectional
sample was taken, and tne new sample was also followed s.
ciongitudinelly, begs ring with the timeof first testing. Thus
ISchale and his colleisgues produced parallel lonwitudinal samples
On different cohorts.

Some of tne results from Schalets study are shown In Figure 5.
As In the classlo pat/tern, verbal performance mere identified by
a vocabulary test) declined only late in life. The major'
discrepincy-from the cVassic pattern may be .seen in the data for
spatial orientation and inductive reasoning. Scna,fels measures of

.these abilities showed little aue-specific aecline until age' 50.
Taken at face value, Schaiels data syggest.that cross-sectional
findings ofmage differences fror 20-50 are largely aue to cohort
effects. What miuht nave produced tnese cohort effects has, not
been-determined.

$

p

Schalefs results have generated a wrest deal of controversy:,

controversy is
The issues are exemplified In an exchange Horn and
DonaldsoN(1 76) Saltes and SchAle (1976\). The controversy
over the sdOce of the cross-sectional age differences, and
whetner Sc alels data show small, butrellabf 1 declines during
risoo.le' ag

tneoretio
question,
capa9ity I

both age a
consider t
Of senior p
recruits.
pet sod off.

(time 9t rec
'ffects ante

There
et al. result
the particula
neve, in tne t
components. arid (relatively) low power components. In other words,
the tescite4s are not particularly difficult (especially for the
Verbal and Number subtests). Individual differences art determined
more oy how fast one solves .tnepcobleks rather tnan 'how difficult
a problem one is'capable of solving. The tests were designed to
measure, at least, in part, 1404 quickly one can'think about

From an industrial viewpoiht, the resdiution of the
I debate may not be too liportent. Tne practical
emains. If we wish to predict changes,of cognitive

s particular work force for a particular time period,
d.conort eTTects'bust be Known. More parti.cularly,
p problem of predicting the future cognitive Capacities
rsonnelp"Orawn from .today's cohort of m Yilitar
o do thlis,we need teknow any cohort effects over tne
terest, the conort-specific ,distriliution of initial
uiniont) test scores, and tntextentiN which age
act with initial ability.
ss homtver,, an important quaptication to the.Scnale

Tne jenerality of the age trenos is restricted to
tests used -- Thurstonefs'1948 phA. These tests
rms of'psychometric test theory, Oars speed

particular *kinds of problems -- so tne high spiked ComPonerts do
not "Invalidate" the results., They do, however, limit the

, inferences cne can draw about'ple tests. The limitations could
.out_both ways': ,'Bri tie one. fold, it-is possible chat more dfficuit.
tests meas4ring, spat al vis.vallzation (sucn as.the.ET4Peper k
Fulding tlIst) or ind ctive reksoning would show larger and earlier
.age oeclineS tnan Sch le fou06 even if the same study oesign were

). iff/A
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used. On the other hind, true tact that a tends to produce,*
slowing in the speed of cog.nitive oper ons (see belaw/ might
sugwest that the declines InipMA performance,Scnale does find from
age 50 to 60 IndlOat¢ slowlneof certain cognitive operations

.rather than a loss In.the ability to visualize an object Potation,
reason inductively,, etc. Sequential data on testsother than
Thurstonels PMA would be needed to address these questions.

THE FLUID-CkYSTALIZEil MODEL. OP INTELLIGENCt AND AGING

,z

The classic aging pattern Is stateeln terms of'age,eftects on
verbal and non - verbal intelligence. An alterpative
conceptualization has been proposed by Cattell (19711 and Horn
(1978; Horn and Donaldson, 19791. They disting6isn between
cognitive competence based upon the application of prior learning '

to tne present sltudtion, and cognitive competence based upon the
development of new problem soi4ing methods devised to meet
current, and ferrsiaps novel; demands. These abilities are called
crystallized and fluid intelligence, respectiveky. In Cattail and

Aorrils terms, Most verbal tasks test vystailized Intelligence.
The capacities tnese tasks requIre/ksuch as.detrning words or
analyzing sentences, are based upon well practiced, culturally
oettned problem solving rovtineS. Fluid intelligence Is,=*ore
likely to be tested by the relatively novel irequirementd of
nonverbal tests, such as the Raven!s Matrix, in which an attekot
Is usually made to avolo presenting problems that have culturally
oefined solutions. The Cattail/Horn model also envisions other
types of, intelligence, such as the ebIll\ye to think quldklY
(cognitive speed/ and the ability to lmag visual object
(visualization /. We shall be little concerned with the other
Intelligence types, however, for it Is fluid and crilllIzed
intelligence that are most important in the .model, and which
figure lost Prominently In the model's representation of age
etfecti upqn intelligence.

Horritand
1
Cattail argue Wet crystallized Intelligence

increases over the adult years, as people gain a better gras0-of
cultual knowledge, They also argue that fluid Intelligence,
oeing a more fundamental, "biologically- based" ability to perceive
relations in Reid information, decilnes from early adulthood
Elpwre .6 Illustrates the different awe trenos tor'the two types of
abiPity. The data are taken from a crost-sectional Study by Horn
aro Cattell (1967)., Scores tor-fluid and crystallizedk
Intelligence were calculated by summing scores from primary
ability tests thought to relate to eltner fluid or Crystallized
Intelligence. ,Not surprisingly, Flgure 6 shows tnat the
cross-sectional pattern for flub and crystallized scores, closely
correspond to the cross- sectional pattern of the-WAIS sutiscaies.

,. AV

Tree f\luld-crystallized model or lAteillgelace leads to tne
intuitive! plausible notion ,that one should not speak of general

I!
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,
., . , r

decline or IfICtjease Ln -cognitive competence. RatneriPone should,
ask more about expreesion.Of ability in a particular situation.
Is it 4 situation iluwhichlhere are cultureey defined problem
solvinie atethodsgthat malebe applied to achieve the desired result?
If 41o, a healtry older person would lie_atfeast_as_acimp,t_04,6
young person, because the older person wil probably. have tare
4owledge about the prior utility of different solutions in
similar 'situations. In some cases the same level oVcompetence
might be achleved.in different ways. ()Icier people wouio be more
likel4 to apply relevant past experiences while younger people
would.be quicker; at devehoping a new solution to the problem.

.i5kp.

'-

The conceptual differefte between the crystallized-fluid
distinction and tne verbal-nonverbal distinction has important
practices implications. It the: chiqial variable is experience,
and .not tne extent to which a problel requires verbal skills, then

older persons with
lh nonverbal
ample, consider the
to recruiting duty,

and then is returned to his spec alty at aye 40 or 454 'Since tool
use Is a spatial skill (McGee, 1979), proponents. of the _

verbai-ndnverbal distinction would prediceetwat tnere should oe
deterioration in the- mechanic's skill. The fluid- crystallized
model would predict that, If there Is aubstantlal similarity
between tne current task ano tasks assigned prior to the
interrupt* Win tne mechanic's career, then the mechanic should
nave little problem in aPpiYing old skills tb master the new task.
The practicl in"tergretition of the debate revolves and the
Question of whether older perssnnal should be snifted tower°
assionments involving more vefihil tasks, or maintained in familiar
assignments even It.they require spatial skills. IX the
fluid- crystallized model, is correct, an effort should be made to
ensure greeter continuity of procedures and demands in duty '

..,4i,ssignmenls of older personnel. A similar argument would be made
rebarding Ore optimaltraining techniques for older personnel.
ASsuminG the f.lu crystallized distinction td be true, one would"
argutftnat nony hal training techniques would be acceptable for
oider personne providing that they utilized c ncepts and
ienowltdge,fami ar to.the trainees* ,Indeec$'2 ven trainees of

averade (or icke ayorage) verballintelligence, it would be
, foolisn to pfovide training b purely verbal methods (e.g.,
-reading training manuals) because there was relative maintenance

one would expect to find situations in which
appropriate experience would maintain stti
situations. To Illustrate by hypothetic
case of an aircraft mechanic;who Js assi

of verbal skills,with advancinVade. L
. ..,

6 Thi current lite4tuze is Inadequate to distinguish between.
, .

the verbal-nonverUil 'and crystallized-fluld explanations of the
Classiaging pattern. While one can think of tasks that should
bejectal-fluid and, with somewhat more difficulty, tasks that
vdulo oe nonverbal-Crystallized, no systematic study,o! such

,.gsrks has been conducted:-

1Befdre'loving to other aspects of tne literaturm on

. /I-
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intelibienCe,we enter a reseeiation oncer'ning the classic aging
fratterrA.A person taking a psychomet is test is faced with a .

particular problem salving situations/ and must develop techniques
for coping with that situation "an the spot." Tests of verbal
ilitelligenei ilk people to read paragraphs, retrieve the
definitions of words, etc. Honvefbal tests°typicalvly present
adults with rather novel problem solving situations. This is
pafticularly tree of the so called "culture-fair" tests, which
explicitly seek to minlaalze capitalization on previous knowledge.
Horn and Catteli would argue that this is precisely the Source of
the crystallized-fluid difference. But there is an additilonal
confounding factor, the amount and recency of, previous experience
individuals have with test taking. Yclung adults who have recently
been In school will have had a.good al of experience dealing
wltn testing situations, and probably develop skills to cope with
them.. alder persons, who may have ha less schooling, and almost
certainly have not recently been In sc poi, probably do not have
tnese skills available. Is i possible then, that the apparent
decline In fluid intelligenc Is an ar ifact that could be removed
by propAr training? Tne iss e is a com lex one. There is.jittle
doubt that older people can improve the absolute scores with
training (e.g., Willis, 1981). Improvin' test sores, however, is

not the point, unless the improved score alio predict performance
outside the test situation better than d. the scores obtained '

prior to training.

CHANGES IN HL.STRUCTLRE OF INTELLIGENCE ITN AGE

The "structure of intelligence" ref rA to the 'relations
between different psychometric abilities, which is in turn a
function of the relations between those a ilities And the more
task cognitive capacities that determine them. The correlations
amon4.pertorwde on measures of differen primary 'abilities are
said to be determined by the underlying i tellectual structure.
Spesrmanos famous "general plus specific" theory of intelligence,
the Cattell-Horn model, and Thufstone's primary mental abilities
model ace all. mooe0s of the structure of intellijence. Aifhouph
most studies of age changes In intelligence nave examined age
changes in mean ability levels, some studies have asked whether
there ere fundamental changes in the structure of aoilltles with
advancing age.

Studies MI touhb adults tend to find smalier.correlatlon
between different abilities than do studies using children. Young
adults are more kikely to be good at some skills and Roof at
others, while childrektend to be generally good or bad. Older
'adults teed to show less differentiation between different
abilities. TRIs hypothesis_it-calleo de-differentiation (Peiner%,
1970). One possible account for this hypathells, l.f It Is Indeed
true, is that age declines In oatic cognitive operations,
especially In their speed of execution, tend to reduce
performance levels of older aoulls on all apiiity tests
. 6 .

-16-

291



.
Table

1° Correlations among Primary
Mentkt Abilities Factors

Group 1 (Heariage 30)

l V

V 1

S .115 1

R ..559 .455

N .390 .239

.531 . .034

1

.489 1

.425 .334 , 1

Group 2 (Mead age 42)

I

V 1

S .296 IS
li .711 .479 1

N .419 .248 .441 1

W .508 .039 .439 .308 e- 1'

.. Group 3 (Mean age 58)

04

S '1.593 e

R \ 838 .650 1
. .

N .666 .528 '.627, 1 . .

W .557 .. .290 .505 .450% '1 ,..

Data from Hertzog, 1979. Only the lower half of the (symmetric) corre-

lation matrii-i shown., Mean age refers to age at first testing in

elongitudinal equence.
,

.

Abbreviations: V Verbal'

S Spatial. Rotations

R - Reasoning (Inductive)
N - Number
.W - Word Fluency.

ti
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(Cunnin astand.Birren: 1981). 'Take n to the extremei the
dedifferentiation hypothesis imples that tests of ability that are .

valid for yo(ing adults are invalid For oi'der adults because the
tests are not measuring the same ,cognitive abilities In the two
populations. Thl Is an impOrtant issue for any method of
occupationei s.dreeningLof older adults which is based upon
conventional, Osythomefkic tests.

Eatillier studIts of the dedifferentiation hypothesis used
factor,enalytid methods to isolate sources of association among
flifferira intelligence tests. This is a statistIdaletechnique
that 1S.sopposed to 1ricover the underlying dimensions of abilities

,.that are tested, in different ways: by each of- a_iaige battery of
tests..The dedif(drOtiation hypothesis predicts that several
dimensOns will be unoovered by analyzing the data from tests
given to young adults, and that fewer (perhaps only one) dimension
will lie found in the data obtained from older adults. The results
of.eirlmvstuales testing the dedifferentiation hypotha4is were
Inconsistent (Reinert: 1970) Much of the disireement seems to
have been due to differences in faciorpanalyti methods used from
study to study, rather than J,4 inconsistencies in the data itself.
Recent:studies have used lore advanced methods to compare factor
analytic solutions obtained from different age groups. A more
slapsistent picture has emerged. There doesiappear to be an
increase in the correlations amorig ability factors In (ate middle
age,and old age (Cunningham: 1960; Cunningham and Birren: 19b11
Hertzbv-i97/). 'Tabled reports correlations among five primary
.ability factors for three different age groups from the Hartzog
study...The correrations among abilities In the oldest group were
uniformly higher than the. soot* correlations in the youngest group. \
Note.; however: that most of the changes appear to emerge from
middle to oloage.- .

In spite of the changing correlations among ability factors,
the recent results Indicate that the relationship between
individual psychometric teefs and the underlying ability factors
seems to oe constant into old age. This 'conclusion is based upon
the,observation tnat tne regressions of tests on factors (the
factor_ lbaaings) from,,these factor analyses may be considered
equivalent for different age groups (Cunningham, 196Q; Hartzog,
1479). We.ipay Interpret the changing correlations, as an
ltdication of a modest form of *dedifferentiation: which is of
'theoretic/Al interest. Why would conceptually distinct abilities
bepluie more, correlated with advancing age? However: the major
chafes occur after age 0 and more importantly, do not appear to
affect, the basic measorement propetiel of the psychometric tests.
The data therefore cAmbes little Ancern:that age changes in
ihteileGtual,structure invalidate the use of psyonometrlc tests
for bccup.tionai Purposes for adults under the age,of 55.

The Hertzoj analysis, 'based upon Schalels longEtudihat data,
adds another bit Wt uetuPihfotration_about thA stability of
mental performance. Tihe study, found. that absolute variability in

I0

1. ii
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Ailing and Cognition

. a general Intelligence factor increased from roughly age '40, and
that individual differences In intelligence were highly stable
scr.oss the adult life span. The latter point was indicated by
correlations exceeding .9 between general Intelligence measured
fongitudina4ly over i 14year age interval. This correlation Is

, even higher that.the .7 correlation typically found between
adolescent and adult performance (McCall, 1977). Hert,oes
results show that, in spite of any age changesNIn level of
performance, the relative or innf adults on a general
intelligence factor remains as fly constant over time. They
further show that average different between individuals In this
general intelligence factor increase as they grow older. This
hfindIng is of considerable practical importance for selection of
personnel. ,Given that two individuals differ slightly in
inteliogenccat age 20, the prognosis Is that the difference may
be greater, but will be In the same direction, at age 50. When
considered in conjunction with the evidence that high ability
individuals may maintain' higher mean levels of performance (that
is, show less age decline) then lower ability individuals, these
results provide a icientific rationale for increased efforts to
recruit higher ability level personnel initially, and to try to
keep them in the service longer. The intelligent recruits today
will prebably.be Intelligent (and experienced) personnel later.
There Is a-minor qualification to this Interpretation -of the
iertlog results. One must remember that.the nigh correlations
between different ages found in that study are for an lelelligence
factor defined by the covariances among several Intelligence
tests. Measurement error (see Hunnally, 1978) will limit the
between-ages correlation (and hence, the pr dlctive validity) of
Any single Intelligence test.

,

We argued above that the psychometric data provide useful .

global information about age changes in cognition, while the
experimental data on age changes in cognitive processes provides,
in principde, a more refined picture of aging effects on cognitive.
Activity. One could also argue that ajoint inetysis o'f
Inteillg4nCe and information processing capacity isneeded to.
explain more fully the ege effects on psychometric intelligence
that are observed -- intelligence may be best, understood when
considered in light of information processing modett (Hunt,
*97o,19c0). Horn and Donaldson (1979) also contendltet complex
skills such as those tested in psychometric studies must tie based

partly upon acquired Knowledge, end partly, upon more primitive
informationLprocessinw capacities. In some of his 'studies, Horn
has attempted to measure these more primitive capacities, and
relate age differences in information processing capacity to age
differences In fluid and crystallized atellitence. His data
sugwest tnat the In!ormation pro easing measures are gore closely
related to fluid intelligence, a predicted. Figure 7 summarizes
the results of statistical manipulations in which the conditional
distribution of rlUld IntelligeN; are relatedito age, after, age
differences in measures of atte and short Aerm memory ere
neld constant by part correlation. The dashed lines are tke

-
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Aging and Cognition

adjusfed age trends, wh e the soild.lines are the
trends. There Is a significant reductioniln the-a
fluid Intelligence lifter adjustment for the Worm
:measures. While we have rbservationsabout the me
valid, and the use of part correlation, the general
age trends in intelligence performance are related
In information processing skills merits further in

SUMMARY

,

'The literature on age changes- in psychometric I

suggests that there are cnanges during the.working.
performance levels on at liast some abilities. Spat
non verbal reasoning tests ("fluid Intelligence") s
plirticularly susceptible. Whether or not the drop'
reasoning and spatial performance occurs before or
a matter of debate. Although there are several cro
studies that suggest that the drop begids reasonaol
adult life (roughly 30 to 35kr.these studies nave n
controlled for coimit effects. The reports from th
controlled experiments by Shale et al.., In which cohort effects
Kern arasured, suggests that trill drop begins place onetime past

'50. Because of the
keplicatron ot,Schei
nignly desirable In

J:

unadjutted
e trend fob
tion processing
saris Worn
hypotheset that
to,.age trends
estkgation.

telLigence
seas in me n'
al ability and
em.to.be
n ndn-verbal
fter age 50 Is
s-sectional
early in
t adequately
better

.

VittualLy all ps

ustrial Importance of this q estion, a
s Nor, using other popu,lati ns, mould be .

Ito of its luenie.

etrtc studies have conclude that there Is
consIderablestability In levels of verbal Intel! gence during the
working years.

. i

., .

1
1ini some situations people functionrsimply

cugnItion devices.. Tne complexity of a dot
cugnition task can vary greatly from detect

gresence to, dentification of a particular s
of aistractort. Perforiance in primitive de
aeneraLly limitea by end organ sensitivity,
more complex tasks Is limita:by central ne
functionffig. Both the sensory end organ0
involved In sensory informeaDri analysis

4. SENSORY cAPAC1TIES

as detection and '

Clion and
ion of a signal's
gnal in tne presence
ection functions is

wnile perforwance jn
vods system (CMS)

no the CNS systems
pear to be sensitive to

In some cases marked envIrOnmental effects are also
observedt that may appear to be age effects...10 people tive In the
hazardous ehmironmenti. As a .16eneral rule, sensory functioning An
a1,1 modalitiesoeclInes over the worklbg years-. The details af thtk
various changes have been documented for vision (FOzard, Wolf,
aell, McFarland, and Podolsky, 19771 Weal e, /90J, 1905), audition

-19-
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v

(Bergman, 1960; Cm-4A°, 1977; Only, Brizzee, Beavers, Medart,
1 9), and ellactionv(Engen, 1977). We wilt cover v sion and
au ition onlii.a 41ithey are by far the most portant modalities In
me

f/lf,

VI 10N- DETECTION AND PERIPHERAL EFFECTS

Perhaps the best summary statement' about vision IS that it
changes considerably Aver the working years, but tnat In the
normal adult It remains our most reliable sensory, system.'

The eye Itself undergoes detectabi ?Flanges relatively early
in adult life.. By age 40 the cornea shdws a loss of lustre that
Is probabiy associated with a change in corneal refractive power.
There is also an increase in the incicence of...cornea-1 "nous
senills") a grey ring on the outer band of the cornea due to lipid
accumulation. This condition occurs In less than 1% of the
populati%rt before age 20,'but it occurs In about 50Z of the
populati5n by age 50. Liss obvlous physical changes are, also
found. Pas,t 50 the curvature and thickness of the cornea

- )ncreases, making acultyincependent astigmatitms sore likely.
The pupil decreases in size from adolescencep.and the latency of
the puplllary reflex increases with age. By 40 the lens mass,
volume, and density has increased, producing reduced accomodation.
This change is linear loth 'age. The lens yellows In color,
producing a filtering effect on incident light. The largest
effects are In tne blue-green region of the spectrum. The lens
changes its refraction index, causing a blurring of the retinal
Image. Given these phenomena of floral aging, it Is hardly
surprk.ing that middle-aged tennis players. complain about outdd'or

night lighting!. On a more serious note, it Is clear that physical
chanses in the eye co produce observable, althoush tolerable,
visual problems tty the 40s. .

%
. -4

In sedition the normal processes of organ deterioration, r

t5; risk of pathological change irlei'eases with age. Glaucoma,
cataracts, add most seriously, retinal deletioration dUe to

'untreated diabetes, are serious9prolemi beyond 45.

The net effect of thea, end organ changes Is to produce
, easily meawable changes lb jensitimity and lb light-dark

, adaptation lb the middle aped. Obviously pearl(' IA their 40s are
not ulind, out their eyesight Is deteriorating in an inaustrially
significant manner. The problem can'be acuteif therwork
situation requires the detection of weak Signals in low levels of
Illumination, even after time has been allowed for dark .

adaptation. Figure & summarizes data reported by PleFarari44
bony, Warren, and Ward (19601 on visual sensitivity during the
Aroess of dark adaptation. The figure, shows clearly that both

. tne rate of adaptation and the asygptotic sensitigity after
adaptation decrease from yeluth to middle age. ThiSeis something '

IN.

4. 35
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'Aging and Cognition

one should be ewers of in setting standards for pert rmance In any
situation! that fequires.moveient from lighted to d kened areas.

The glare prodUced by high Illumination also becomes
Increasingly troublesome after ,age 40, due to increased yellowing
of the lens (Readingf-1948; Wolf and Gardiner, 1965). The
filtering of the.aging lens differs according to the, light's
wavelength. Adaptation to glare ffom white light is faster than
adaptation to yellow light in Yfung adults, but the difference
between adaptation to white or yell* light Is reduced for older
individuals (Reading, 1968,). Thus older personnel should be more
able than younger personnel to benefit from a human's relatively
high sensitivity to Yellow light being less affected by
glare. Whether this effect Pould be large enoubh to Justify use ,

of yellow lights in some environments Is a question that should be
studied furtner.' -

.
r

Industrial situations in which people are asked t0 detect
visual signals in fixed fields are probiebly rather rare. A more
common situation As one in Which a petson must alternate between
gazing at relatively-close displayl and searching a distant visual
field. This occurs, for iinstance, when a persod must aIVernate
between looking out of a.ve4ole arm glancing at tne control

.

panel. In order to do this, the eye, must accomodIrre rapidly to
.

vision at different distancgs. Formally, accomodatlon Is defined
,

as the ability of the eye, to focus sharp retinal images of _..

external objects independent of object distance plolle,1963).
The data shows that accomodotion fromilarvis+On'tbknear vlslon
deteriorates with age (Bruckner,1967).. Tkis chanwli oftini
referred to as presbyopia.1 Pi snarpescdeckines occulytn rtly
after age 40 -- there Is a mean a omodatkOn crhge of remit 5 6,2

ei,

dioAters from age 40 to age "55. This cherege A dileates that the;"
average 4u.year old can change focus fro-. the pdint to a hey ,

.

point of aootit 6 cmt, but tile leverage 55Aelif old can only shift

foc5 to a near point of about 50 ch. 00.1eb,tsi Clogt, than 50 cm

can o longer be mafifilned.in sharp focus. Mara Is also
evicince that tne ability of the eye to accomodate cam be affected
by. the enviropment, for instance by Ong pri duty on submarineR4
(Kinney et ars Note 34. Thit possibility that age changes in

given more study. /

vision can otY exacerbated bq particular ,en' should be 0
,...

,
1

A , &r 0

Presoyoilc changes i.n lh; visual near point appear to be
caused by ch noesitn the shipe of the eye, senile degeneration of
the ciliary body.and ocular%muscies, and loss of flixiollitY in

)'

the lens. As Is' well known, tapese changes also can result kn
refractive changes which .cliti, a deterioration of visual acuity et P
the near polity PUt simply, the magnitude of the optical

t

correction eqUired for reca 'increasesncreases exponentially as a
function of age (Wealel 196p).. By age 50 a significant proportion
of the popuolepon requires glasses with a reading correction
(BernsteinAidd Bernstein, 1Q45). Visual acuity for far vision .

,

also-shoyi,a decided drop with age. Figure 9 snows age stratiWid

, .' st:,'''' / . ,

. . -il-
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data on visual acuity at th'e far point (20 toot distance') cohplied
by the National Center for Health Statlitics (Department of 7

Health, Education, and Welfarer 1977). There Is a sharp decline
after ages 40-45 in the percentage of Individuals having 20/20
vision, and comes °riding increase n the wrcentage Of

rikson, Hamlib, 1

lodividuels with 20 0 vision or wors . Experimental tests of
visual acuity also show age declines during middle age (e.g.,

nd Breltpayer,197 .'

'N
The preceding data

ashowed age changes in stat10 visual
acuity, or accuracy in perceiving the features of A staton/0"Y
object. Dynamic visual ecOlty' is defined as accuracy in
perceiving features of a moving object. Dynamic visual acuity
also declines with age., Burg (1966) and Heron and Chown (1967)
tested dynamic acuity by heiting observefs discriminate features of
an object rotating in a fixed position In the visual field.
Burg's data'(Figure 10A) tend to show earlier and Larger age
declines in dynami cultyr than Heron and Chownts (Figure 108).
The differince.aaY due to the range of visual acuity tested.'
Burg's targets subtended smaller visual angles than did Heron and
Chown's. Regardless of the details, tne existence of an

. ,age-- related change In dynamic acuity fill' a rotating object is
clear.

'
a

. . Reaoing (1974) had
1
observers (20-30 Years; 40-50 years) track

target moving with varying angular velocity across the visual

fleici. Tne task was. to detect the, presence qr absence of a small

gap in an oval. The data, shown in Figure 11, follow the function
'

(1) Y H + NX ' .

.
,

where Y Is resolution acuity, X Is the angular velocity (in

degrees/sec.),H Is an Intercept parameter '( corresponding to

static.acuity at X -0),' and N Is a dynamic aw lty parameter.
Reading found that .separate M and H parameters were requifed for
the two alte groups. Tne static acuity parameter was 113% greater
for the 40-X1 year olds, while the dynamic acuity parameter was
abeic bOT greaten. The two parameters were virtually
uncorrelated. Thus, indepehdent. age changes I( both Atatic and

dynamic acuity were found from age 20 to age O.
....

.. .

Anotne_rAge cnange In vision that may have military
implications is the snrInkage of the functional visual field
(Buki,.196O; Wolf, 19o7). Wolf's data suggest that the shrlrfkage
rate Is greatest after age 50, aithougn small cnangeS do occur

Iearlier in life. It T well Known that the orienting response to
a moving ooject Oeyond tne point of focal attention involves
mechanisms associated with ,motion detection ip tne Periphery.
Whether tne restrictions In the functional size of,the peripheral
visual tielo would Impair an older pArsonsts ability tet detect
such objects (pariticulply in conAinotion with reduced dynamic
acuity) is an important, yet unanswered, question.,
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Aging and Cc(nition,

Net all aspects of vision show large declines during or
before Middle age. Depth ,pereeption_appears,tm_ba_stahle,untll at
least age 40 to 45. The age changes in depth perception that have
been reported appear to have been confounded with age.changeoriOn)
accomooation and convergence, and are not age changes In depell
perception ger se (Belle Wolf, and Bernholz,_1472).

A

To summarize, age-related changes in the eye result in
cnanmeilin many visual functions, including dark adaptation,
accomooation, static and dynamic acuity, and functionil size of
the vlsdal field. While these changes are not large.enough to
warrant ageneral rule that *idols appd personnel cannot or should
not do particular tasks,.theYare large enough to warrant extended
testing of visual capacity beiond the middle.thirties. This Is
particularly true if.a,person might be assigned to duty requiring
a high level of vision. We emphasize that stenoard test of static
acuity, such as the familiar eye chat, would-probabr9 not ba .

adequate as a prediktor of peeformance-AW igedaersonnel.
This point is underscore° bj results reporteo by Sivak, Olson, and
P.astalan (1981). They'examlned age chonges,in night vision for
reading traffic signs in a field situation. Two groups of
iddiviouaos (mean ages 33 and 66) were required to discriminate a
smell retroflect sign While driving or riding In a car. The
groups were matched for static acuity at high' brightness levels.
Sivak et al. Sound the greatest distance at which the esign could
he reao by tne.young and olo drivers. The greatest distance for
the older drivers was only 65 - 77% that of the younger drivers*.
In terms of runctIonIng, if older and younger drivers were
traveling along a road at the same speed, the older drivers would

' have less time0to react to a warning sign. Perhaps the rpst
Cmportant point of the Sivak et al. study is that the functional
disparity in vision shown betweenApld and young In the, driving
situation was not Predicted by thElr equivalent performance in a
high brightness test of static acuity. This Is consistent with
dataon oriving behavior in field situations. Hills 41980)3 in ow ,

reviewing the literature on perception. and driving, notes, that the
breakpoint for age-relateo increases In accident rates coincides
with the aje of Increasing decline in dynamic vi Wit acuity. the
correlation tietween oynamic visual acuity, and dining accidents is
largest In older populations, khile the relation to static acuity

. remains low (1411s, 1480; Hendeppon and Burg, Note 4). 0

.

CENTRAL CHAN 5 IN VISUAC INFORMATION PROCESSING

nervous system Is orgamlzed into a highly complex
network of viSua "chan9els," hierarcnically ordered networks of
main cells desi ned to,be sensitive to specylic visual features
In precise smatial locations in the visual field. ylsual channels
are selectively activated according to the salient properties of

.the visual stimulus, Ofpeclaily sizes orientation, contrast ratio,
and spatial frequency. Recent evidence colleCted by Se$uler,

=43 --,--23:



Aging and Cognition

Hutman, ano Owsley (1980) suggests greater age decline in theme
sensitivity or c4innels tuned to low Ostia! frequency
information. _Sekuler et el. examined the ability of old ano young'
subjects to discriminate vertical gratings varying in spatial
frequency (frequencies ranging from .5 to 16cycles/flegrse).
There were no age. differences et high spatial frequencies, but age
_differences in contrast sensitivity emerged, and increased
progressively, as spatial frequency decreased. These changes were
not s function of ocular pathology or poor visual acuity. More
work Is needed to determine the age at whichthis change in low
spatial frequency sensitivity occurs, and to determine which
levels-of the visual nervous system contribute to the effect.

Other reports have indicated age declines J.n_the quality of
visual Information processing. Szafran 01968) examined
recognition thresholds for shapes, numbers, letters, and words,
using young and old commercial pilots as observers. He Calculated
cnannel capacity curves by plotting output Information (in,bits)
against Input information: There were ;kali, but reliable ape
changes, In the infprmation transmitted, although individual
differences were large relative to the size offithe age effects.
These and other results led Szafran (1968) to suggest that'age
changeseln visual information analysis are a function of age
increases in the level of internal "neural noise" In th visual

system. Gregory (1957; see also Vickers, Nettiebeck, and Wilson,
1972)_aovanced a similar hypothesis, based upon some evioence of
age_changes in_diliersiatiel thresholds. Although widely cited
(e.g., Hellions, 1981), the neural noise hypothesis nas yetlo
receive a definitive test. Indeed, we regard the data of.Szafran
(1968) and Gregory (1957) for age changes In the accuracy of
visual oiscriminstion as preliminary.

There Is good evidence for age.changes in the speed of
Information processing by the, visual channels. Most studies of
the speed Of identification of visual stimuli use some variant of ,'

an experimental paradigm known as visual maskint. The eventf in a
masking stuoy are shown in Figure 12. First a target stimulus Is
presented, at an Intensity that would ensure easy oetectien were
It to be left In front of the observer indefinitely. The target
stimulus Is followeu by a masking stimulus (or ".mask") which
overtioes the visual Image of the initial stimulus. The time
oetween initiation of the stimulus ano the mask II cajleo the
StiNulus Onset Asynchrony (SOAJ. The SOA can be thought of as the
sum of two parts: the time the target is displayed, or the target
ouratIon (70), and the oeau time inbetween the target and mask,. .

the interstimulus interval (ISI). The purpose or a masking
experiment Is to oetermine the shortest SOA (sometimes, the
shortest ISI) at which an observer can make a reliable
Identification of the target stimulus. this shortekt 60A Is
called the matklpg thkesholo. It ivy b,e usgd as a measure of the
speed of visual Identification.

Turvey (Turvey, 1973; Michaels and Turvey,"1979) has shown
, 41
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that there are at least two Atffetene Wes of masking.
Peripheral. maskino effects, which are,largely controlled by the
physical Intensity of bhe mask. arise primarily because th _target
and mails stimuli are integrated into a single functional s Imulus
In the earliest stages of visual 'processing. CeQtral masking
phenomena depend upon. the perceptual relption between the stimulus
and the Mask. Central masking Is greatest If the mask is
,constructed of visual features similar to those used to construct

. the stimulus.-These are called "pattern masks." The central
nature of maskingis shown by the fact that pattern masks are
effective under dichoptic presentations.-- i.e., when the masiels
presented to one `aye and the target to the other.

-

A4 its,name implies, peripheral masking is thought to be due ,

to the interaction between tne target and mask In tne peripheral
visual system (the retinal and 'visual tract prior to the point of
the fusing of information-fro the two eyes). Peripheral masking
depenos upon the intensity of illumination of the target and mask,
in accordance with the following rule:

8 -
(2) TE k SOS K ,

knere-TE Is the target energy, B is an unknown exponent, SOS is,
tne critical SOA, and,K is a constant. K is characteristic of an-
Indivioualls performance at a set level of accuracy. What the
rule in Equation 2 indicates is that the masking threshold (S0A)
decreases as target energy increases. In fact, above s certain
level of target allergy, which varies from per?On to person, no
masking occursv

- Age differences between young and old adults have been found
In peripheral maskingkand appear to be restricted mostly to K and
not 6 (Till, 1978; Walsh, ana Williams, 1978). In othei
words, age does not seem to change the form of tne power function,
but oiaerepersons require longer SOAs to escape the masking
function. Walsh (Note 4) recently reported peripheral masking
data which included a middle age group. His sample consisted of,
24 young (mean age 16.7 years' rfange 17 4.21 years)i-24 middle agea
(mean ilje 4b.5, range 4053), ana 24 oldlmean age 10.3, range
67-74 years) adults) who were either University students or
alumni. The_crltical I51 to escape masking ,is shown In Figure-13.
There appear to be reliable differences in the peripneral Masking
constant between the yourkeand middle aged subjects (the exponent
8 did not airier between them). This result means that, fok
fixed earger*nergy, tne middle aged persons were susceptibfe to
masking for a longer time. Note.that the data for the middle aged
obSe-rvers were more like.thiaata for the older,obseriemrs.

The age increase in peripneral masking thresholds cola be
attributed to two sources: aecreased energy incident at therretins.

. (because of yellowing of the lens and other effects discussed
above), or slowed transmission time in.dthe peripheral visual
channels. Walsh (Note 5;.Weish, Till, and 1978) argues
that the effect probably represents slowed periphe?s4-.channel

47
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1,1

analysis, since ingl!iduel differences in thresnoidt for the
target stimuli alone account for relatively small amount of the
variance ins ISI across individuals in each age group. The ,,,,,..

evidence for the exclusion- of ocular factors Is still scanty,
however, and further research on this qtjestion would be ill<order.

... 4 -.../

Alit-

,
. . .

Unlike peripheral masking, central mafking Is relatively .

Independent of target and masOenergiss. Instead It Itppears to be
a function of the time needed to decode the visual features of the

4 target and then identify it. Central masking obeys _the rule: a

..
I . --"' 1)

,(3) SQA a TU ISI a K l ,r'-w
i

)here SOA is the critical SCA VID escape,masking, TO Is the target
duration, ISI Is the critical ISI to escape masking, and K Is'a
central maslsing.constant. The K in Equation 3 is-also a -

characteristic of a given Individual and level of accuracy, but-it
is oltferent from the constant of the peripheral -rule ( Eauation

2).
. .

cAge dIffeFenced in central masking have ban shown ejlage 50
,(Walsh, Note 5; Williams, Note 6), lwalsti found SOAs of

-.approximately DO, 60, and 0cosec for his 20, 46, and 70 year old
groups, respectively Wiest TBAs-are inexplicably' shorter than
those of previous studies in the same laboratory -- e.g., Welsh,

Williams, and Hertzog, 1979). In WalsAts studies, the target
stimuli are letters. welsh (Note 5) also varied the nuiber of
letters in the target from I to 3. Masking thresholds for
multiple _element targets_ art_ of interest because the additional
tlae taken.to identify the extra targets reflects readout time of
intormatron from a short term vtal storage system often called
"Iconic memory". Walsh' 'shown In Figure 14; He assumed
that the letters were read out_ f Iconic memory one at.a time, and
therefore /it a linear equatiofiAo.the data (the thin,linesin
Frgure I ). Everilrithout committing ones4rf to the validity of

the Serial readout assumption Sperling, 1967), The slope of- the
Tine r e uation may be taken s a rough measure of the speed of

Fl u e 14, the increase In OA from I to 3 letter targatS appears
In ti n readout from is memory. As oan be seen from

)to I t tact with age -- no e the roughly 40-imen..._d4Oerence "

be egn young and middle .aged' individuals for the 3 letter
t0. 'its. These results suggest slowed iconic readout by age 45.
It, would be desireabie to extend the research to tinethe age:

ere the decline In iconic readout speed begins.

n absolute terms, aue differences In masking thresholds sr
not Irge. The difference between observers in their 20s i'd os

In,,Vhs's for single letter targets is on the order of 26 mse
ThISFolfterence is small relative.to age differences in motor

reaction times (see,pelow). Nevertheless, any age effects on
,masking 1unctlons are of interest becaufe 6t th,eer theoretical

interpretation. Centrai,masking, in particular, provide a fairly
direct measure of the speed of Infbrmatlon processing

-26-
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Aging and Cognition'

visual nervous system. ,Changes In masking do appear to occur by
middle -age. furthermore, studies assuring the brains elictri al
response during stimulus identifi atloh also sham slowing of b?sin
activity with advancing age-(Ford and Rfefferbium, 198 1. Thu( a
modest declind in masking may be a Indication of a pe ssive
slowing process that could have multiplicative eftectsin comp ex
problem solving, situations.f-Avorrshali see, there is, a good eel

evidenceto snow,that a geheralized slowing of cognitive
processftdbes occurlpith age. It would therefore oe useful
have stuales ip which measures of slowing at several levels ,

cognitive processing were taken --jot example, measures
masking could be related to.performance in situations reqyirin
visuarscanning, stimulus identification, and problem sdlVIng.

To close this section, we consider a more complex tas 10
visual scanning studies, the observer must Focate a target f pure
in a field,pf distractors -- e.g., etecmine which lees he lie
letter "X!,'In the aisplay, in Figure ' A large nun erv,pf tud es
nave shown tnat the elderily'Aape 60 and beyond) are slower nan
Young aaults,in visual scanfting (Rabbitt, 1968), and are m e

likely to be distracted by Irrelevant information duri canning
(Rabbitt, 1965). ellowever, ;hose studies tne-t have i luded a
Middle aged group have typially not showrt hanges n scanning

\4 rates trap age,Z4 to 50. While this mak4 it li ly,that the mai
chanoesIp scanning 'rates occur Viter age 5 available data
are quite limited.

:ft

r,
An implicit assumption%of most scanning studies ls that the

observers are responding as fast as they can without making
errors. 16--fadt tlibuj-h4 Obople can trade off speed for
probability of error,. Thus, an apparent slowing of scanning spe d
with age might reflect the adoption of a more cautious search
strategy catherjharqa loss of the capability to scan rapidly
(Pachella, Mak, and Svea (1979) observea that
individuals In their 40s ana 50s were slower but more accurate (I
a visual batting task similar to visual scanning. This result
Suggests that the miodie agAd individuals mi.ght have traded off,
speea for greater accuracyp.parhaps llgause of a lower toreranc
for errors. Older adults often appear intrinsically to prefer
accuracy over, speea In these kinds of experiments (Rabbitt, 10 7),
but a simple tradeoff probsbly aoes not Account for all the s eea
differences in visual scAnNing when one compares early aoultho

t

d

to tne retirement ages.
1

There'keiats Lfip be a difference beween the way that visue
scanning studies are cone In tne laboratory and the way that
visual scanning seems to occur in most practical situations. IFK\
tne typical laboratory study, the observer is asicea to scan a
display and oo nothing elle. In field situations" visual scanning
Is typically done, it conjunction with other tasks. To illustrate,
a motor venicle driver continues to ,guide tire car while scanning
road signs.. Rabbitt (1977,1979) ha found that differences in tne
visual scanning perforAancaot you and elderly subjects can be

16
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magnified either by increasing the number of distractors In a
display or by introducing en ancillary (memory) task. This soft.
of result has lead several, people to conclude that visual sCenriing
demands "attentlonal resources": and that these resources are
reduced with age (Babbitt, 1972; Flasher and Zacks, 1979; see the -

section on Attention below). Rabbitttsl'esults, 'whibh are not
based on studies using middle aged subjects, suggest the need for
further exploration of age changes in scanning performance when---
one in conjunction with tithiF taila.,

Another indication that age changes prop%rtles of perception
is he change in several visual illusions, 'such as the MullerLyer
Ili sion. Comalli-I1970 has reviewed a large body of data -which
sugg sts that older persons have Illusions similar to young
drill en -- that is, a "regression" of the perceptual illusion to
prea ult levels. However, most of the change appears to occur In
the late 60's and 70's, and Is not of paramount Interest for this
,report

.

,

On way of summarizing the results of the various studies on
age ano visual detectionwAnd identification is to consider what
sort of tasks would be expected to reveal performance differences
between people In tneir 20s and 40s. If the task required
detect, n of rapidly moving targets, at low levels of
iliumin tion, younger observers should be markedly better, enough
so that the difference might be ofwserious concern to equipment
designe s. If tne task requires rilpid identification of single
stimuli the younger observers might,still be more rapid, but'thelr
advanta 4 would,probably be Ruch reduced. If the task required
that th observer pick o t a biearly, distinct stimulus frbm an
array o stimuli of the me type, large age differences would not
be ixpe Led. However, pe haps age effects would reappear if the
scannin task were made more difficult or if it were.to be dope in
conjunc ion with other tasks.

r

AUDITION'

flearinj Is exceptional)y sensitive to age.' Many changes In
audition are associated with straightforward changes in the
physiology of the inner ear; atrophy and, degeneration of hair
cells and supporting structure; in the basal coil of the cochlea,
atrophy of the StrUrvascularis of the scale mediti (leading to
deficiences in endolymphetic flukls) and atropriy of structures
associated .witholvochlear vibration. Each of these changes might
tneoretically oe associated with different types of loss of
auditory sensitivity (presbyacusis), The cochlear changes Ahouid
be associated with specific high frequency hearing losses that are
characteristicl of iovancing age. Changes in tne endoiympnatic
fluids should- lead to a uniform loss in sensitivity at all

a-
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Aging and Cognttion

frequencies, combined with idudness, recrititmeht, so that noisy
situations should make fine discriminatiOns*harder. Changes in
cochlear vibration should be associated with a graded loss of
hearing from low to high frequencies. Ali th se phenomena have
been observed (Bergman, 198(11 Cotso* 1977). n addition, there

are age related differences in hearing that are prop:361y
associated with central nervous system factors. Isoiation of the
central from the peripheral effects Is an important* byt difficult

- task. Speech perception is a good illustration. The
understanding of speech seems intuitlyely to be a central process.
A measured loss in speech perception 04nnot routinely be
attributed to CNS deterioration, because peripheral changes may
limit the quality of the perceived speech.' To account-for
peripheral effects, studies of-age differences In speeCh
Perception often speech perception after equatisng subjects for , .

Peripherally proguced presbyacusis ,(Corso, 19771, However, it is

not always clear that matching listendrs on tne perception of pure
tones in a given set of frequencies (or any other single

criterion) does in tact equate individuals, since they may differ

in forms-of hearing loss not tested by that criterion.

as,e associated losses occur in the ability to owtecepure
tones by aje 40, if not-sooner* althoya,h-very pronounced, changes..
do dot occur CRICTTsomewhat later. Figure 16 shows that auditory A
sensitivity to pqre tones declines exponentially from young
adultnood, with the greatest 16ss at high frequencies. The

largest oeciines are 0§,,..4.1gper frequencies than those critical for
perception or normal speech (roughly 1000 to 2500 Hertz)* but some
age-related decline in the speech frequencies is obsmived. 'Fot an

as yet unknown reason, the loss Is less in womeltinan men.

Corso (1977), in reviewing these data, states that,beyond the
middle 30's some hearing 1-OsS vi rtua-l-tysrt-1

individuals. Bergman (1960) emphasizes tie compjementary side of

. the picture -- namely* that there are both Individwi differences
end subpopuiation differences in gresbyacusis curvet .We should
emphasize then that the curve in Figure 16 is reiresentatIve of
average pure tone sensitivity formembers of Western
Industrialized societies. "

In addition to loss in.detectIon, lobs iiirdiscriminability of
suprathreshold stimuli' also occurs. .Fi ure 17 demonstrates tn1s*

by showing piton scrimlnation asia f nction of aje and frequency

,(Konisir, 1957). s was the ease for tection, the loss is'
progressively gre ter as the freque cy of the so Inds increases.

rhe loss of discrimination at the Higher frequencles in Figure 17
Is clearly evident in the 25 37 'age range. The Gate from
Figuos 16 ano 17 indtcateethat it may be_neces,sary to,screen
mica "aged personnel for hearing loss i/ analysis of middle to
high frequency sounds (roughly, greater than 4i00 Mertz) Is An
Important aspect of their jobs.

While there eiare industrial sleaft+ptis In which tone detection
and/or gliscrLmination is impo"utent, speech perception Is tar more

-29-- a %
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important. As Figures Y6 and 17 show, there are losses of
auditory, capacity in the speech frequencies derivirg the ag ,;*

I interval 20 -35. These become ubre marked later in ell. ,he
importan e octhese losses vary greatly with the on tio s of .

.

speech p ception. ,Bereman etal (19761 determined patch
detectlo in listeners whose age varied from 20 to ov r TO. Both
longltud nil and crosssectional data HeretAlten, mak rye this
study one ofthe better designed ones In the literatu e. In
addition to determining dote tion of normal sp*ech, s eeeh.
detection was determined un er a variety of adverse co ditions. A
portion of the resulting da a is shown in Figure,18. Tree
functions ate shown, for ag related perception of norm I speech,
speech presented with a co etIng speech signal in the ackground,
and speech that was interru ted electronically, as might 4p the
case in w4taticprone radi transmission. As can be seen from

ch

. perception until beyond age 60. Somewhat more agerelate
the figure, there is little, interference with normal speSomewhat

decrement is shown tin selective listening, and very arkea .

decrements are shown kn ristening to interrupted speech. Corso
(1077.1 suggests that mach of the reduced speech perception with
advancing age may b a function of increased time to prOcess
information in the auditory cortex. The peripheral changes
discussed ab ve p babiy contribute tp the deficit also.

Beraga et . s experiment is an important one for two
reasons. C tional audiometric examinations determine pure
tone freque cy nearing-loss* on the assumption tnat this
correlates well with the perception of spoken words (Geldard, .

19721. While this may be the case for the perception of singl-e
words in rsifilatIon, other factors may be involvedip the
perception of sentences under adverse listerlinp'conditions.
Bergman (19801 suggests that high freque9cy hearing loss will in

fact "generally create considerable difficulties kr, understanding
speeon neard under otner than optimal con4itions" (page 301. A
fecent,study reported by Bergman ($19801 embeSlzes this point.
MIOdle aged (ages 45 631 and older listeriersad more difficulty
understanding peech of talkers whose voice and speech patterns

..
were rated as whispered speech was particularly
troublesome. a gm Os explanation is that whispered, speech
reduces the amo nt r information avallaole ;from lottal
(phonatoryl ener placing greater import on t 4litIvely high
frequency intormatiqn present in the torments onsonants.. 2h

ince many industrialifituations do inevitaply invdive poor
listening conditions, it would be advisable to determine
or not defects in practical speech perception are de I

current audiometric measurement techniques and, le
what new measurement technque4 wouiu oe appropriate ,A second. .

point to keep in mind about Bergman et alas results is,that, ff.
anything, they may understate the seriousness of the situation*
In the Bergmariet al. expeximerits, liStenersegenerally were
reqpited,to report speech verbatim. If they nad also beep
required to comprehend and evaluate that.speesn, the added

ether
led by

are not,
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. ,
processing requirement might have interacted witn the attentions,
demands of the difficult spqr perception task to produce even
greeter age deficits.

.....- ?
. .

While certain changes 1 the auditory system are inevitably
age - related, personal experiences are also strongly involved in
the determination of adult hearing capadity. It is well known
that enviornmental events, in particular exposure to intense, high
frequency noises for k long period of time, can produce marked
loss of hearing. Such situitiohs areparticularly common In.an
Armed Services envAronment. Whether or not environmental damage
Is additive to an age effects ors-Interactive, is not known. This
probably depends upon the-precise type of damage produced by the .

environment (Corso, 1977).4 Part of the differences in 1

presbyacusis curves between populations-of adults may be a
function/ of environmental factors. The differences can be quite
large. Figure 19 shows data for 2585 Wisconsin residents and 541
Mabaans, a gtoup of Sudenese-tribesmen. Note that the hearing
loss in the Mabaans tribe is such smaller than the_koss in the .

Wisco sin residents. The yiscorisin ?residents may be more
repre entative of the population of American service persohnel. ,
More s riousty, the data of Figure 19 illustrate dramatically how
much of our "normal" aging trend may in fact be a reflection of
our normal environmental hazards and persdnal health hazards.

\ .

,,N

. Consistent with these tindingss thee. Is evidence that the
U.S. population as,a whole Is becoming pore hard of hearing. The
rate of incidence clinical deafness in 1980-was approximately 300
per 10,000, up from under 200 per 10,000 in 1940. By the turn of
the century the deafness figure is expected to -reach 360 per
20,000 (Watson and Tolan,.1967). If we assume that the inefdence
df subclinical cases of hearing loss Is proportional to the
deafness fiyeresOhis means that there is a marked Cohort effect,
i.e. that the 30 and 40 year olds of tomorrow will have a greater
Incidence ot hearing troubles than, do people in this age bracket
today. Part of this cohort effect tight be related to perional
habits 7- (tryter 11970) has reported a high level of noise- related
deafness ano hearing loss In rock musicians: The impact of the .

increasing incidence of major hearing loss upon industrial ,

performance should be investigated. .

. ,
I

Inexplicably, twe Ore no studies In the literature of age
changes in the speed.and integrity of auditory Inforiation
processing analogous for the studies In visual Information
processing reported in the preCeding section. For, example, we do
not Knox how toe process of information readout from echoic memory
(the auditory eqtitalent of 'COUR memory in vision) is affe ed
by amino (Crowder, 1Q80). Since the organization of audit ry
cortex ano related pathways in the brain differs from the
organization of the visual centers (e.g., there are -more primary

_cortex areas devoted to audition than vision), we should not
assume tnat age changes in the two systeas would be strictly .

' identical. ,

5,9 . -41-
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COMMENT ON SENSORY CAPACITIES AND AGE

4-

Many of the sensory detection.arka dilscrilaination studies
currently In the literature have rail upon a person's abilityoto
detect a stimulus, assuming that all individuals use the same
criterion for detection. If there Is a systematic shift,in
criteria with age, in the direction 9f demanding a higher
criterion signal before responding, then increases in "caution"
would appear as decrej!ses In sensory sensitivity. A limited
amount of evidence suarsts that this is indeed a possibility

1969; Rees and Botwinick, 1971). While it seems unlikely
tnkarirepetition or ,the studies we have reported using

,ter -l- on-free methods (e.g., Signal Detection Theory approiches)
would eliminate the age effects, the magnitude of the estimated
age change might be reduced. If it were the case that some of the
age-changes were indeed a function of the qbservor's criterion,
then middle aged personnel could oe trained to Increase their'"
frequency of false alarms to adjust for caseewhere a missed
signal would haxesa'high cost.

Studies demonstrating cefects In simple detection ofcptimul)
are apt to ne dismissed with theecomment that there are obvious.'

prosthetic measures. Eye glosseS are common In our s9Olety. It

Is much haroer, however, to remedy perceptual and sensory defects
that are asocieted with ticcomodation to ranges of stimuli; e.g.
rapid shifting of the gaze from *far to near and back again, or
filtering a Signal _through noise in -ra' speech perception task.
While the typicil man or woman In the 40's is neither blind nor

oeaf in the clinical senses drops in the sensitivity Of vision and
hearing In tnis age range are large enough to warrant study of how
thy affect performance In demanding work environments.

In this se4ion,our, focus has been on sensory and primitive
perceptual krocesses, to the exclusion of more complex processes
of stimulus snagysis and response_ production. Although the
interaction between sensory and higher order cognitive processes
has been little studied, It may he quite important both
tneoretically and practically. We shall argue below tnat higher
oroer cognitive func.tioning demands attention, and that one of the
cnaracteristics of ol,tier individuals is reduced attentions!
capacity. In younger Individuals, adequate sensory perception Way

proCeeo almost independent of any allocation okattention, whisvas
the oluer individual mat.achleve.the.same level of sensory .

perception only by actively attending to the stimulus channel.
Promitpie acts of Perception become competitors for attention for

the older person,in a way that they are not for the younger. Thus

an olderverson who, Op effort, could pass a test designed to
evaluate sensory functioning and nothing else, might not be able
,to function In a job that combined sensory 'perception with *ore

complex tasks.

-32-
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. a I.
Minor sensory problems can lead tg psychologicar discomfort,,

even f they Oolnot affect job performance directly. Among the
elder y there is-clear evidence of emotional disturbance
Assoc' ted with sensory loss, especially when that loss affects
functioning In Intellectual situations (Corso, 1977). Whether
minor problems, sOch as Irritability, would be characteristic, of
middle aged individuals working in noisy or low vision
environments is a matter for,speculation. As the syccess of the

* volunteer services depends he4vily upon attracting these
Individuals to military careeet, and'keeping them in those

,careers, some thought should be given to changes in working
situations that can avoid suchproblems.

5. THE1 CAPACITY TO ATTEND.
0 a x "..

In studies of visual and auditory capacity, it is Implicitly
assumed that the individuals beirtgevaluated are giving their full
attention to the.test.strmulus. The assumption Is probably
correct, oecause testing situations are simple (6.g, a list er

may be asked If he or she heart a tone) and because test
sessions are brief. Wneft moreNognItive ablIrtles are ein0-
examined, as In studies of memory or problem solving, care must be

taken to control a Subject's alpcationof attention to various
aspects of the task. Attention allocation is also of considerable
practical Interest Many acciderits ore, "explained" by saying that
the people involved felted to, attend properly. There is also a
great neat of anecdotal evioence suggesting that the abilitxto
control attention decreases with age: Most of the anecdotes have
to do hith inattentiveness In old ego. Less is known about changes
in attention as people move trap their twenties to their sixtlesJ.
Clearly the average person of thirty or forty does not lose the
ability to concentrate to the point that inettentive.nest becomes I
personal problem requiring professional help. As was polted out
in tn'e introduction, a small decrement in a psychological funCtian
may .be trivial to an individual but Important on a population
basis. Given that changes In attentiveness are observed In the
elderly, it is reasonable to ask whether or not minor changes In
attentiveness can be ooserved during the working years:

This question is hard to answer. Attention must be measured
indirectly' by observ4hg performance on tasks that reqUire
attention, But, that also tram on othet psych logical functions._
To Illustrate, suppose that someone has a no riously poor memory '

for peopled' n es. Is this be9ause the hull !dual does not pay
attentionothen introduced to strangers, or because the person's
perception is deficient, or because the person finds it hard to
store and retrieve information? More oarticularly, because it Is 0.
reasonable to believe that people lose some ability to control

4' 1
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ttention as they age, a number 4f experiments on memory, problem
solving, and oecision making ffaVb been "explained" by as'suming a

loss of attentIon We shall argue below that this conclusion is

warranted only In fairly limited circumstances. .Furthermore, it

the cone pt of "loss of attention" is to be appealed to as an
explanation of xperldlifft*,k1 ,results, one has to define *Let

attention is. No satisfac.tory definition has peen offered.

The r Reinder of this sectrai-741scusses some of the

%.,., conceptua and methodological problems involved In determining a

person's ility to allocate attention to Information processing 4

tasks. ,A though some experimental results will be cited, the

thrustot the argument Is theoretical. The major purpose of tne
4 ,

section s D. introduce concepts about attention that willbe-

Impoita whAiiwe deal with the relation between age and higher

1 cognitl e fun tons such as memory and problem solVing.
, .

. j.-..
cx ...

TH ENTIONAt kESUURC, E haDEL .

f-
...rm, - ..- I/ .. ., 4 - , '

a way of conceptualizing attention is to taWi-the hotiop of

_
"paying ,attention" qiiipe literally, by imagining that we have a

fjnite amount of atttntldhei resources. An attention demanding
task Is one.that rem lres the expenditure of resources from tnis

-supply. Kahneman (1Q73) has presented this Idea in some detail,

In his view, any mental task requires the,activation of mental

structures. These are the echenisms tnat accomplish the

functions required to do the task, such as discrimination of 1

oojects, renearsal of inforgation in memory,, and tne manipulation

of visual Images. Each'of the strietitures dyws upon the pool of

dvairable mental resources. The pool itself is termed attentional ..

capacity. A structure. will'increase its demands upon attentionA1

capacity if tne intoimatlen processing load on the structure is

Increased. Similarly, the ureatir the amount of resources

provioeo to a structure when oe'sling wltn a fixed Information
processing lama, the "more rapidly ano accurately tne structure

mill t.erform its task. Complex tasks, such as reading'i novel or
driving an aueomoblle, require the coordinated activatlor of
several structures and an appropriate allocation of attentional /-

resources to each of tnem. .

Constder some abstract 'task that invoives one or more mental

structures. The function relating overt performance to the amount

of attentional resources allocated to those structmfeerequired by
the telrk is calleo tne performance-resource function. The'
performance- resource function is unobservable In principle, .

because "attentional resources" refers to an aostract concept
ratrer than s measurable expenditure of enOgy. In pite of Its

purely conceptual nature, the performance-resource fu tion may be

used to classify tasks by their resource demands. Norma and

Bobrow (19751 define resource-ilmiteo tasks as tasks on hick the

performance tunctvin is strictly monotonically Increasing, i.e.

tasks on mnich performance levers increase with dn increase In 'the

. 41.
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amount of resources allocated to the task. Not all tasks are
resource limited, ana a single task may be resource limited under 4

some conditions and not resourcelimited under other conditions.
Take the case of a person listening to the radio unoer poor
reception conditiets. Accuracy of reception will depend partly
ypon the attentiveness of the listener. At a certain Point,
though/ concentrating harder siply will not further imprat
reteption. Asymptotic performance 'will depend upon the physical
nature Of the stimulus, asifiltered through the listener's
auditory apparatus. naximiii accuracy may be reiched without the
listener aevoting complete attention to the signals to the
exclusion of all other stimuli. In such a case performance' is
said to be "datalimited.", The term implies that performance is
limited by characteristics of the external itimulus but, as the
example shows, a data !Imitation may also'be imposea by the
character Of a person's sensory or %onto! structures. For
Instance, In consideration of the, data reviewed in the precoadlng
sectron, prestryacusis might impose a data limitation on the
auditory task, performance adults, even though younger
aaults were resource limited under:the same conditions.

One way to.think of t e Alleged inattentiveness gt older
aaults Is to assume that a tentional capacity decrease!, with age.
This will oe referred to as the "attentIonal deficit hypothesis."
If the.hypothesis is true, performance should decrease with age
whenever people are coveting full attention to a resource limited
task. While this inference is conceptually straightforward, It is
oifficuit to construct a practical test of it. The problem is
that one cannot be sure that. maximum performance is determineeb
a resource limitation rather than a data limitation. Consider,
eor exampip the study of tl'e speeq with which people do mental
tasks, varying from stmple choice Ottaction time studies to
reasonably complex mental arithmetic. Almost every study of age
effects In such tasks has shown e decrease in speed of mental
performance with advancingg age, The decrease is evident by the.

thirties and forties (Brren, F974; see also the discussion of
specific tasks giveo'in the following sections of this report).
Furthermore, the.decremfe cannot be accounted for by changes in
motor capability, because the amount of age slowing Is,

;r4
related to tne psychological complexity of thb tas rather thin to
its motor components (Cerellas Peon, and Williams, 980). I* is
alsO true that under certain circumstances speed'of mental
performance is a reasonable indicator of the amount

1978).
attentionsl

resources allocated to-4 task (kahnemans 19733
Thus, although one Interpretatton of the observed slowing is that
attentional capacity decreases withi age, this oonclutrion Is not
cictatea by tne oats. Slowinv coula easily be due t structural
cuanges In the centeral nervous system, sucn as demylinization of
nerve fibres or a reauctlon in the number of neurons 'in the brain./,_
more generally, the fact, that Changes In the,Ispeed of individual
performance, across conditions of en,exPeriment may reflect
chariots in attention allocation does not mean that changes in
Interindividual performance in the same experiment are due to

f .
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An alternative way of evaluating the atten on deficit
hypothesis is to restrict the atount of attent n that a person
can allocate, to a task. This is done by introducing a new task
that is to be performed on a high priority Oasis. The original
task tnen must be done with a persbals "Spare capacity". This is
defined as the attentionsl resources that a person has remaining
after allocating enough attention to reach a satsifectory.
performance level on the priMary task. The technique of
evaluating spare capacity by, considering primary and secondary
tasks is called the "secondary task paradigm." It is a special
case lof a "dual task situation "t An which people are asked to
perform too tasks.more or less concurrently. The conceptual
argument for the secondary task paradigm is straightforward.
Imagine two people, A and B, bottof whom have sufficient
attentional capacity to achieve maximum performance on either .o404,
two tasks, and 2, wheri'done alone. If the two tasks are done
together, the joint demands ofthe tasks may exceed the,
attentional capacity of person A but not person 8,,aking4lt
possible to discriminate between them. If the attention deficit
,hypothesis is true, older Individuals should shew-a greeter
decrement in performance ,than should younger people when moved '

from a single to a dual task situation. .

While the observation that older Individuals have trouble
with oual_task situations would be consistent with the attention,
oeficlt nypothesis, alternative explanations are possible. The
seconoary task paradigm was originally developed as a way of
measuring the attention demands of the primary task (Kerr, 1973).
The reasoning was that if the secondary task Is resource limited,
then the attentional demands of two primary,tesks can be compared
by observing how great 3 decrement occurs on secondary task
performance. This argument assumes that the secondary task is
resource Ilmit4o, and that the primary and secondarytesks oo not
compete for mental structures. When the secondary task paradigm
Is used to study indiviau 1 differences in eXtentional capacity,
some more complicated rest lotions must be met. pagIceljy, tnese
have to do with the patter of correlations between performance on
the two tasks, both alone a d in. combination. It is also
necessary to observe primer task performance at two levels of

_difficulty (Hunt and tans n, 1981).

5
Tnere have been several reports of age related decreientb in

performance in dual task situations, includIngsa few studies that
have used the secondary task paradigm. In interviews with experts
lailgerontology we have found that there Is a strongly held belief

, __that oval tasks become exceptionally difficult as one grows older.
Data from studies of dichotic listening are cited in support of
the thesis. .The participant in dichotic listening task hears .

too met-Sages, presented simultaneously, one to, each ear. After
the mefsages are completed the participant Is cued to report the
message from one ear, and then the message from the other. The

/ I.
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Figure 20. ,Dichotic listening task. After hearing digits in each

ear, listener,tries to recall one set of digits., then

another.
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Paradigm Is illustrated schematitAliV In Figure 20. HoXethat the
ordei in which the messages are to be reported is nokindlcated
unlit' after the messages have been received. The codpii0s4.on tiler
is jypically cited is that there le an age related detloement in 1,
the ability to recall the message ieported second,f but ritt,in the
ability to recall the message repor.tea first. TheA has fit ,

explained by saying that -older individuals are unable to et ain
the second message while-reporting the first. Such an expleriatilop

' Is consistent with the attention deficit hIpothesis, as 1)
. known that short term race!! deNnds upon the att ntlon that a

person devotes to retaining"information in working memory.. -

./

The re are two' problems with this conclusion. One is that!the
experlmint'oces.not rule out the possibility of structural
interference. It articulatory structures are required' for, the.
maintainence of verbal information in short. terra memory, (lir would
expect first message recall to Interfere with second message
recall because of. competition fer.a structure rather,than because
of competition for a generalized attentional resource. This
reatonaole hypothesis because there are data suggesting that-
subvociil rehearsal. is required foi verbatim recall of intormation
held in short term, memory (Baddeley, 1976). A second'objection,
which is somewnat stronger because it does not depend" on a
theoretical Interpretation, Is, that the data are simply weaker'
tnan the statements in the seeondlry literature would le.,

be Figure 21, adapted from .Barr (1980),,shows the
lead

age
nqmper of diglits recalled in a dichotic listening study, as.a
function of Age and order otreport. While tne age effect- is
larger for recall or the message reported lest, the discrepancy
petween Age effects on first and second message recall is not
striking.

re\
. 5, 1'

Hunt and Lansman (1981) eond cted a series of elcpgrigants
Anal. were specifically designed t evaluate individual.gifferenos

di.tentional capacity by use of the secondary tasks paradigm.
He e we report an additional an lysis of their data (not included
in tne original report) becAse it'directly addreemas thew
ettention deficit hypothesis. The ti Ms performed by 'Hunt and
(Nansmar044subjecls were (a) a memory task and (b) a slatple
response to a probe tone. The memory.elsk involved either verb*al
recall or v sual recognition, and could be presented inteither,an
easy or a h rd version. As the memory task was always designated
;13 be the pr mary task, one would expect the responsento the probe
tone to be de, fired in the secondary task condition. The aio'unt of
the delay should be related to the difficulty of the primary
memory tas'K. Now consider how ago should affect the pidture.

..Accoroing'to the attentional deficit hypothesis, cider
Indivrdualsr witn smaller reserves of attentions' capacity, should
snow Ira greater cloGr.ement Ln their response to thW tune as the
memory task becomes hachere Some relevant data are 4bhown in
Figure f.2 The expected IDteraction between age, response to the
tone, and single and dual task ccnotion does occur.. The results

-37-
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are in accord with he attentional deficit hypothe$is.
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AUTOMATE° AND'CUNTI&DLLED RESPUNDING
it,,,

:i-,"

-

Nf;43' .

It has been claimed that Xhen a person has,l a a great dell

of overteanning on a task It becomes "automatir, and no longer

demands on attention. The argument has been miftle ost strongly 139
Schne$.der and Shiffrin 11977), who designed a pare gm for

."develop.ing automatalty" in a visual scanning, task. From the

. vlewpA,Int of an observer, t khe tisis as. follows:
\*.

\

416,,

0
.

1, A target set of-Idtters is exposcd, rbr example,

X A.
410p .°'

4 4
,

. .
.. s

(Z) A frame Mis exposed, The frame consists'of from ore to
four letters, as in

.

, j
R

q .A
...OA a

the observer's task I
to determine whether or not'the frame

contains any member of the target sex, Thus .1°n the example tne

correct response Is "Yes" b cause there Is an A in the frame. The

°. dependent varLable is either the minimum time that the frame can
be exposed in order to produ e reliable Identification of targets,

or tne time required for an identification) If frame exposure time

Is unlimited. tither depende t variable can be used to estimate

the time requite, to scan a 4 splay, AS a function of the number
or items 4..a the target set an in the frame are varied. Twb

.training procedures are used. In the consistent mapping (CM)
training procedure the same to get characters are used on all

trials, and a cheradter that.' a target on one trial is never
used as a distractor on anothe trial. After literally thousands
of raining trials, performance becomes almost Independent of both
flame size and target set size, pesformance is theri,salo to be

automatic. In,the varlea mapping (VM) training 9rbcedure a
character may be a target on one trial and a distractor on

anotner. After training performance stabilizes reaction time

becomes a linear function of Ehe,fiumher of items in the frame and
...target set, suggesting that the observer conducts a terial scan Is

matching targets against frame items. Performance is said to be
"controlled", and' to demand attention.

.
1

Note that automatic processing could be considered to be a
logically aejenefate case of controlled. processing In which the
serial search is carrIted out at Infinite speed, producing a linear

- relation between,PeFformance and the number of characters in the "--\

1"P two sets, but with zero slope. In practice pure suet's:ale
processing is not. ooservea, but the slope of the linear relation

may reouce to aslittle as 10 milliseconds per cnaracter. This

ry
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represents a roughly ten to one reduction In slope from the
beginning to the end-Of CM training.,

Acceding to the attention deficit hypotnesis, age
differences in visual scanning should be eliminated by CM
training, because automatic scanning would not require attentions!
resources. In the pure case this is something of a auto logy,
because f.pure automatic responding were to be son eyed by all
subjects their performances would all be describ d y functions
with d zero slope. In practice, the question has en
reformulated. Is asymptotic scanning performance r lated to age
after CM training? . 9

Two experiments indicate that It is. Madden and Nebe? f1980)
gave eight daysof CM training to Sid (beyond 60). and young
subjects. On fne ninth day the slope of the linear function.was
25 tastes for the younb subjects and 63 millisecondl for the older
ones. Thus_the groups were different in terms of the absolute
value of the critical variable. Neither group reached true
automatic performance (although the younger group reached a value
close to that found In most studies). Both groups displayed a
roughly eight to one reduction In slope from the first to last day
of C4 training. In an experiment In ouAgmawn laboratory, we
replicated' these resulks, using an auditory scanning task that had
Previously been shown to produce automated-responding
(Poltrackstansman, and Hunt, 19b1). We also used subjects In tne
20-60 ape range. Thus the Madden and Nebisi findinas,concernIng

* asyciptdtle performanclappear to generalize both to a wider age
range anato auditory as well as visual' scanning. 4t face value
the age~ difference In asymptotic "automated" performance Is en
argument against he attention deficit hypothesis. On the other
hand, dne could a ue that the problem Is not with automaticity
per se, but rather with the development of autodatieity.,. it adept
be tOtt given a fixed number of people do not move
as tar toward automatic performance as do younger ones. The
essence or the argument..revoives around one's choice of -

operational definition for automaticity. Neither-1r Madden and
Nebes nor our own experiment met thli criterion. the
definition is (approximately) zero slope, then equality of
,performance ii guaranteed,' if ali/groups can be trained to reach
this criterion. If the definitlbn of automaticity Is the
reduction of attentlonal demands by some amount defined relative
to initial performance, or if automaticity Is ciefined solely by
reaction to a fixed amount of training, then Itdoes apPearothat
age differences reirrtr atter CM training. \Whether this Is due to

t agerelated change In tne isymptotic form of tne . 4
performanceresource, function or due to agerelated change in the
acquistion of automated responding woes not seem to be a

. resolvable issue. .

-1 slightly different approach to.the question of age related
..

..

differences in automated performing Is illustrated bi the work of
Hasheriand her colleagues (Hasher and Zdcks, 1979; Atti'g and

i
;
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Hasher, 1980). On the basis of other evidence, Hasher et el.
argue that certain types of learning, notably memorization of the
Order of eyents or recall of lists of items, require controlled
procissing,twhile learning either tne relative frequency of two
repetitively experienced eyents (e.g. tne relative number of times
you have seen two TV cemmercialS) or recording the relative age of
an event Acontiquing the example, whlcn of the commercials was
seen most recently) is an automated event. Using an experimental
analog of this example, Hasher arid Zacks showed that tasks that
were presumed to require controlled learning _did indeed show
differences in performance between elderly and young adults, while
tasks requiring automate* learning did not. Hasher et al.
interpret their results as support for the attentionaf deficit
hypothesis. While the results are cictaidly consistent with the
hypothesis, they require a specific Interpretation of frequency
ano relative,age learning...

\IX

The activation of semantic associates another automatic
process. for eXamilie, a variety of experiments have shown that
requiring a person to name or loenttfy words sucn as CAT, OCG,

increase their speed in identifying related terms, such
as WJLF and HOKSF. The effAct is "referred to as semantic
activation, and has been shown to be an involuntary process
(Posner, 1978). Youngyandaiderly adults bOth show semantic
activitation effects, as nijected by priming of reaction times to
words preceded by an assodite (Howard, McAndrews, and, Lasiga,
1980). There is therefore no reason to believe that tnls type of
activation changes.over the workind years.

THE CONTRdL dF NiffhTION
-

411011bie

The term "attention" is sbmetimes used to refer toscontrael of
attention, as In select( -ye attention to one source of signals
instead of another. This is a seriewhat different concept of
attention than the view. of attention as a pool of mental energy;
Twb types of controlled attention can be conceptualized, the
ability to atteno to one source of signals while Ignoring another
source (selective attention) or the ability to monitor two sources
of signals at the same time (divided attention). In order to
determine whether one or two attention allocation abilities should
be assumed, Poftrocw, Lansman, and.Hunt (Note 7) had subjects
Perform auditory and visual ±asks'in which Signals were presented
on two "criannels",,either by dichotic auditory presentation,of
word' or Dy displaying characters at two different locations in
the visual field. In control conditions, signals were presented
on only one channel. A fictor analysis Indicatel.that different
abilities were Involved In monitoring auditory a visual signals,
but that the same ability underlay performance in the selective
attention and monitocing conditions. Poltrocflt al.'s subjects
ranged In age from their20s to their 50s. Age was negatively
correlated ii`ith performance In bothlthe auditory and visual

. -40-
.72 ,



.-
Aging and Cognition

conaltions, although the size of the relation was modest (r about
.25). This would be expected simply because of the well known
deterioratiOn of the auditory and visual systems over the adult
life span. The magnitude of the ageperformance correlations were
no higher in tne more difficult selective attention or monitoring
conoitions than they were In the control conditions. This result
is not consistent with the attentional deficit hypothesis, which
would predict higher correlations with abe in situations that,
tested individual ettentionel capacity limits.

SUMMARY

The attention deficit hypothesis probably is a good heuristic
for predicting the performance of-elderly (over 60) individuals.
It seems less useful as a scientific model for the analysis of

.14:

stork performance of adults In the 60 age range. In spite of
claims in the secondary literature, he magnitude of age related
"attentions! oefects" appears to be 4maWaniess one witreArto
equate speed of performance with attentions! capacity. This is

? discussed in mine detail in the following chapter..

..-

More seriously, the status of attention as a scientific
concept is unclear. Kahnemaries (1973) approach, In which
attention is viewed as a single mental resource, fits well with
the attentions! deficit hypothesis. There ere,otper views. One
is triattneye are multiple pools of attentionsi resources, and
that different tasks draw upon different pools (Mayon and Gopher,
1979, Wickens, 1979). Another view is thit any : performance ',

decrement that occurs duringNual task performance is due to
competition for structures. Dual tasks that are not'highiy
overlearned are bound to compete, because both require extensive
working memory space so that the performer can Monitor the

4

external world as the imperfectly learned task is being executed.
If, a tasK is sufficiently practiced, the need to%monitor
taskrelevant samull is reduveo, and Performanc0 Is !'automated"
b cause structural conflict for space in working memory no lOpger
oc r (Allport, 1980).

tf-:,-f

Given'tne conflicting theoreticsl naly,ses and the absen of
definitive data, what can be sale/ It seems most appropriat, to
take a pragmatic position. Different occupations pl.ace oifftrent
demands on attentionalcapacity, Intuitively defined, Airplane .

pi.lots are usually painted to as examples of people who monitor
many signals In high demand situations, college professors -are .

said to pc: single minded.
iit

Tlier.e will be specific situations in

\
which as analysis attent anal demands may help in understanding
the interaction between age and performance. smh analyses 14111
require that techdiques'be uevoloped for featuring attentionsl
eemands in the situation of interest.' It would be naive to expect
that one could develop a single measbreeent procedure to serve as
an "attention meter" univers*Sly, applicable to all tasks,snd

r

'7
/-4I:

3



Aging and Cognition

Indlviauali. Indeea, if there are several different types of
attentional resources, or if attentional resource conflict
ultimately reduces to competition for Specific mental structures,
tne J021 of developing an attention meter Is itself unreasonable.

6. RESPONSE SELECTION

T1: is &section iscusses the relation be een age and
pprformancli In a class of tasks that will be ferred 0 as
"response selection" situations. As any performance ljvolves some
response selection, further explanation is required. The tasks
under consideration all require that a fairly simple m ter
movement be made In response to k clearly perceptible al.
prototypical response selection task is shown in Figure This
figure Shows an observer sitting in front of a panel that contains
four lights and.tour btttons. Whenever one of the lights comes
on, the ooserver is to depress the button immediately below the
light. On a given trial, the following sequence of events might
take places

4

ill' The observer aepresses a home button (button Arn,the
figure), to inaicate that he/she is reaay for the trial to be44n.

12) The light above button 4 comes On, indicating that $ °

stimulus is about,to be presented. '

ip (Si 'One of the lights above .butt ns 1 through 4 comes in.

i4) The observer moves.hls/her fing r from button A towatd
the button under the light thatwas turned on at step (3). Call
tnls the "tartlet button".

(5) Tne target' button Ir4epressed.'

this sequence can ve modilged. If the observer controls the
-hewinning or the trial (sep (1)) the experiment is referred to as
oeing "self paced", since the observer controls the intertrial
Interval. In some studies step () Is'o*Itted, Jo Oat the

N. experimenter controls the intartrial Interval.. Inc,this case the
experiment is said to be experimenter pacea",and he speed of
pacing may be vac led. In4a few cases step 12) is pmitted, and the

lal is.InItiatea immedlatgly after the observer
(2 )I,

that
it Is orepared. Tne interval between step I2f, the warning

sign and step (3), presentation of the test signal, is referred
to as warning interval. The time oetween step 13) and step

- (4),, tutu evinning of movement of the finger or hand, is referred
to as init.. tlivi time. Tht interval between step 44) anA step. 15)
AS calleo mo eme& reaction time (PIRTI. Initiation time is
sometimes ref red to as simple reaction tape (RI) Ai there is .

only one oossib e test signal (e.g., only one lignt l'h the
NscheMatoc of Fly e 23) and as choice reaction time (CRT) Ii- tnere

e two or more po jble s'ignals. In many experim ts step 14) is
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Aging and Cognition

not recorded so that the dependent variable becomes'tne reaction
time between events (3) and (5),, 1.e. tne sum of initiation and
movement time. In this case the dependent variable Is called SRI
or CRT, depepding upon the number of different signals that might
have occurred. .,

i

The display panel used Is often slightly different than that
shown in Figure 23.. Instead of having k locations for a signal
there may be only one locations often a 6-ithode ray tube or
picture screen. The subject is told in advance which stimuli might
appear, enp instructed to.make an Identifying response fto each of

them. For examples an observer might be told to throw a Joystick
. to the left If the figure "<" was displayed, and id the right

If the figure ">" was displayed. Tnls would be called a choice
reaction time (CRT) study, With compatible stimulusresponse
mataiing, since.tne response required coincides with a usual
interpretation the meaning of these figures. lIf the
stimulus response mapping were to be reversed; so tnat the
joystick wae6to be moved left in response to rignt pointing

i

arrow, the experiment would be said to have a incompatible
stimulusresponse mapping,

The logic of the CRT paradigm can easily!oe extendeo to apply
4,to auditory, tactile, or olfactory cues.

Ubviously the CRT par47olgm could be amplified to becole a
test of either perceptual or complex cognitive cis:,;ities. For

Instance, pio lines might be displayed in a pane ith the
subject being instructed to press button on the side of the
longest line. ,If the lines differed only slightly in length, this
would bea test of speed 'of perception, Alternatively, an integer
might be dIsplayeo, with the subject being instructed to move a
joystick to therignt if the ;integer was a prime number, and to

' the leftotherWise. In this cote reaction time would become a
measure of spited of rather sophisticated lentil arithmetic. All

the reaction time studies to be described in this section involve
situations in which the stimulus is immediately perceptible, Its
interpretation.is trivial, 'and tne major task is response
selection. Situations involving an evaluation ot'the stimulus
prior to the response will be considered in the next seotion.

e,A Wny study response seleption? Response selection is a
facev.1110 analog of a numbet. of situations Involving machinery
operation and/or the monitoring of display panels. For this
reason, response selectioli paradigms are sometimes included ip
test batteries for selecting equipment operators, including 1

aviators. Response selection has been held to be of theoretical
Interest vecduse it epitomizes choice behavlorp.wnich some think

to be a basic step that underlies complex reasoning. The

theoretical argument is valid if tne mental processes underlying 1

response choices are Indeed analogous to those choice processer
Involved in reasoning and problem. solving. One could argue dither
way, as the data does not conclusively confirm or deny the `
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/ hypothesis. Jensen (19801 has reported several experifiints
indicating that groups of people who obtain high intekligence test
score; cake choice reaction responses more rapidly thin do samples
from low scoring populations. Movement reaction time, on the
other hang, does not appear to differentiate high and low scoring
groups. Work in our own laboritory has produced mixed results.
In some studies CRT has been found to be correlated with scores on
both verbal and nonverbal Intelligence tests (r of approximately

high scores being associated with fast responding). Other
experiments have failed to locate a reliable associatipn between ,

CRT and intelligence test scores (Huntr.1978; Lunnebor.4, 1977;
Palmer, MitLeods Hunt, and .0avidson, Note 8). While we stop short
of enaorsing some of the more extreme claims tnat have been made
concerning CRT paradigms as basic techniques for revealing mental
processet, it is clear th &t these simple tasks have a substantive
cognitive component.

,There Is an extensive literature on the rera/tion between age,
MKT, 5RT, aria CAT, aneseveral reviews naie,ban written (Birren
and welford, 1965; Welford, 1958, 1977). The most recent review
by Welford (1977) Is particularly relevant, anti many of our
comments are based.upon his analyses. . A

It is clear that response select) n slows with age, ana that
the siowing. Is (Jut to the Central pr messes involved in initiation
time (Ski and CRT' rather pian'the motor responses involved in
MRT. (Saithouse (197b) hat observes that fine motarpovements
exhibit only amount of slowing over the worlang years.
Large motor movements and movements that depend upon
cardlovascular functioning, suchlas cunning, are more affectedp)
Weltfora (1917) afters *- pactioul rly coo entjargument for this
conclusiort.!___. Consider istask in hi

target. Sach a task consists sole!
signalli stimulus. iroviaed that
nealthy, here is little increase Ib

bp. Quite olfferent results are ob
reaction time kSRT) paradigm, In wh
none position to A fixed target, o
increases by mbout 50Z from the A10

increase is allmo t entitrof,
KRT. This ti ly Inc!? tAA....0_,

factorS produ e the ag. effed

subject uste ec th
Awe! efi, o

sl
lePai

perfo mance n RT1ta
psych motor ,tasks. T

and A enber. tj9 0). altny
the( 60s w re st using a
dem ping, nd er = ptilal tas

sim lei to he rototOical C
r s wer factor analyzed,
reactio " factor,'Ident(

o prono
appropr
is re

77,

the pe son simply taps on a
of MRT, as there Is no
the individual is reasonaly
tapping rate from age 20, to

alned using tne simple
ch the hand is moved from the
demandp Reaction time (RT)
to the/ 50s. Furthermore, the

an increase in SRI rather than
entre! rather than peripheral

nced in CRT studies'''. where the
late respOnse. Furthermore,
sted-tb performance in other

a study by RobertsonTchabo
from their 20s to '

motor, attention
cluded tasks
bive. When
s a "choice

The relation

cults ra
variety of 'slop
s. The battery
I task described
the first factor w
fled by the CRT tas
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between an Individual's age and the score on this factor Is shown 4 r
in Figure 24. Speed of response selectlion clearly declined with
age, a result fount) in numerous other studies. _Individual

r
differences are pronounced; Quick -60 year olds in 4

RobertsonTch and Arenoerg1s study performed as well as most Of
the 20 year olds. Conversely, there were slow younger persons )
whose performance approached the average performance of much older
ladividails. Note especially the increase in individual
difference's with age.

. 4
The data /rom choice reaction time studies aee'often

summarized by the equation'
4 -

(4) CRT a A + 8 (log N),
2

wnere A and 8 are positive constants, and N is the number of
possioie responses. gquation (4) expresses the fact tha\ og2 N
is the average number of decisions that wilula be made, across
triels by a responder who was following ile'pertect decision
stratouy In selecting a respons'e (Garner 1962).., Thus an

. interpretation of Equation (4) is that 8 repfesents the
aaditional time required for eacn adaeddeciiion, wnite A
represents the effect of all mental ana motor responses that do"
not aepend upon the number of alternative responses avallabl
jUnder this interpretation B reflects purely central, decision
'otakinw processes, while the value of A reflects both peripheral
and central processes. If one of _the effects of aging is to slow
central decIslontmekinj processes, one would expect to find age
effects in the dentireli central)* B parametgr as well as.on the
.value of A.

""1

The empirical results are not this precise. EFOeriments on
CRT almost always snow age effects on A, and only sometimes on B
(Welford; 1977). However, BIrren (19.65) cites several studies of
reaction timewnich he interprets as rbU-ng out age change's in
peripheral movement time as the primary source of age changes In
choice RT. Most other commentators agree with his conclusion.
There Is no contraalction, because the A and 8 parameters
might respond to different central processes. Just what these
might ie'is not clear at present, Birren has speculated that
changes an tne 0 parameter are due to minor cardloi-vascular
probiemsr'resulting In a decreased suPply of blood to the brain
tBiTren, Woods, and Williams, 1980j see also Szafran, 1968). If
correct, tnis speculation would be of interest both for
theoretical reasons -- why should cardiovascular deficiencies
proauce a selective effect on one'aspec.t of decision making and
not another? -- and for prectical reasons, because CRT might be
used as a behavioral Index of minor brain damage. At the present
time there is Insufficient data to support or-confirm the
nypothesi,s.:
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Self paced CRT experiments allow the subject to determine the
rate at-which responses must occur* It is widely Yield that if

,! people are forced to make vapid responses age effectswill be
increased Melfords 1977). The evidence for tnis assertion Is
rather weans especially for subjects under age 60. ,R pure 25,
shows performance on a paced and unpaced tracking task. Although
this datehas been cited as evidence indicating that paced
responding is- difficult with advancing ages the situation appears
more complex, Performance increases with age In self paced
responding, up through the 40s. It remains constant over Vie same

od If the.responses are experimenter paced. Beyond- the

working years there is a decline 1ri responding, but the decline
due to age is additive to the declipe due to pacing itself. These
findings hardly support the fairly widely held ()relief that workers
in tneir rorties or flftles,sheurd not be given rapidly paced
tasks. On the otner.hands.indOstrial surveys do indicate that
wnen given free Choices older werkers avoid paced tasks.
(Interestingly, they do not avoid setuations involvirawpfavi
pnysical labor). Since the question of responding to situational
Pacing is kmportant in some industrial applications, the topic
snould be given further study.

. .

:Introducing stlAulusresponse incompatabilities will increase

age effects. Figure 26 showA the increased age effect obtained by
Stern, Oster, and Newport ;1980) when to changed a task from
being eitner a simple response ter a compatible binary choice tasks

and then to an incompatible binary choice task. F4gure 27 shows a

.
similar result obtained by Kay (1954) using a conglicate'd twelve
cholbe reaction time task. In each case the more complicated
response c ulatien produced i muchipl:c age effect. Why-this

woulo 4e o Is not clear. Presumably the incompatability
complicat s the mental computations involved in the response
selection Process, While this is of interest theoretically; the' '

practical importance of the phenomenon Is probably slight, as goild

human engineering practice dictates the use of compatible 4

stimuiusrisponse mappings. 21IU 0

When does the ag erelated slowing In response selection oegin
. to appear? Some reviews indicate that the effect only begins to

appear in tne 50s end beyond. This statement Is apparently based
upon tne fact tnat statistically reliable changes in performance
with age often do not cppear until until late AldOle age., On the
other hands It Is generally. the case that people of age 30 are
silintly slower than those of age 20, people In their -40s are

tnan thosie in their 30ss'and so 'forth; This
pattern suggests that the deta might more accurately be described
by assuming tnat there was a continuous slowing of response
selection with age. To answer this question, we have calpulated
the fit of the linear regresslion equation

15) Reiction time, e A + Soc (age)

lq
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Figure 25. Number of cycles completed in a tapping task under

'paced
and unpaced 'conditions. (Nelford, 1977).
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#

to two :Idely cited data.sets. To avoid spurious'fits due to
extreme deterioration of functioning in old age, we considered
only the age range 2065. The results of our caicuitions are
shown in Table 2. The analysis strongly supports the contention'
that a slowing of response selection begins byxage OP and
continues gradually throughout adult life.

7.

'0 -
7. SPEED OF COGNITIVE PROCESSES

- .

This section dismisses choice reaction tilaCCRT/ paradigms
In wt%icJ feaction time is detervined by cogriltIve "computation's"
rather than by response selection. -To Amdar.stansl _what is meant by
this, consider a skeleton schedule of events for A CRT expermentt

,

(1) A Karning'signal-is'preSented. -L-
I,A . _ .

.
.

.

(21.
.

Stimulus information is presented .

,
.

.%0,. .

. .-

,...,44). eased upon an evaluation of the information, the subjlect
selects and makes'a response. . . ,

ik v
Inv-tne CRT expo; -i-ment4-44stwisedj_.

evaluation component was minimized, because Identalcation of the
stimulus was equivaPent to response selections The studies .

described wpre rather like studyingAthe time reiu4red to decide to
'brake upon leein2 a red light; It Is easy ta, afrante an
experiment in which the evaluation phase Is far fro' trivial. To

repeat an example given earlier, one cobid instruct a subject'to
'throw a switch to the right at step l3) If .a prime number iss
displayed In siFep (2). Following the lead of a number of
tneortsts Baddeley, 1976), we shall describe the evaluation
ppase As requiring cobiti4 computations upon an internal
Afepresentation or the external\worid. Most of these computailions
are assumed to take place in "working memory", which is thought of
as a sort of workbench that holds iniformation about the current
*tate of.external affairs., Working memory, however, appedrs tq be
limited,in size, ,so thit information mart be continuously passed
over from working memory into secondary memory for pore permanent
stocape. toOoquiatly,.. one can grasp tbis distiiiction by
imagibing that you ariyistening to -a speech. Working memory
wou:o contain a close to verbatim record of the exact. words the
speaker just uttered, while secondary mem'ory would 'contain a
representation of the ideas the speaker was trying .to develop. It

is assumed that during comprehension all computations take place
in worXrig memory, but that from timb to time it is necessary to .

fetch information from secondary ofktrig memory. Maintainence

-47-
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of Information 14 working memory Is held to be an active process$

-recippirig attentionaliresources$ while maintainence(but not the

fetching) of iriformation in secorillary-memory Is thought of es a

passive process: There is evidence that working memory end

seconder?, memory otpend on. oifferent physical' pretesses.
Nscussing the eVioendo would carry us.beyond the scope of this

report.

drie cahoot speak of the effeolency of w orkIna.memery

COMPUtatIVISP in generals becise there ace probably several

differertt types of computations, each of which.may.respond to

different variables. We shall review evidence concerning the

Interactloml of age with fo r differenttypes of memory
computations; locating:A ve bal item In memory, comprehending and
reacting to simple sentence fetching semantic Lmformation into

working memory, and the manipulation of visual-spatial images
oinsioe. the head." The firstthree computations "are considered.

elementary steps in verbal thinking', while the fourth represents a

how-verbal oomplitation.

.mwEll -

40. MEMulti"SCANNING
7 V

It Is generallyfagreed that,9n# of the things that working v

memory does Is to hold an (aucljtory?) reprtsentatiOn of linguistic,

terms. Consider the example Of listening to a speech, as

oescr i bed above: 6 exits-cm-0-r -s-f-sptenverb-e-tit- --t-ask is, to-

memory to determine-wnether or nbt a bartIc4le Item it_ln the

set. The Speed of scanning working memory iuSuallx.tested by

.using a "memory ,scanning" paradigm originally developed by'

' Sternberg (1966). Sternoe'rg's procedure Is shown in Figure 28:

the subject is first shown a dumber (N) of families stimuli, .
.

,,., cal-leo the "memory se.t". N is *chosen to be small enough (usually,

=,
6 or less) so that the labels On be held in working memory. Once-. '-'

the memqtry 'set has been shoi!ina probe stimulus is displayed; The

iobse9Yeristasic Is to-indicate hether the probe item =was a iedlillr_

of toe memory ,set. This, cbn oh! 40 done by Competing the .

stimulus cneractprisAs of the phibtltem to those-in the iemory,

set. keaction time (P ) is typically found to be a lineal'

function of the..itze of the memory set., The slope of IhIs'

4 tunctloli can be regarded as an indication of the effloTency.. of the

memory scanning. ,.

. 0 A

--.

AA memory scanning exoerimenthby Anoers$,Fozard end

_fllitiqu.ist (1972) Is frequently cited as !evIderk*e 't at working '

pmemorys scannedliore slowly with advancing age.... Tire

supjetts were situoleo .wIth mein ages of nrsals . 41

(lope ofof tne'RT-Aemory set function was 139 is Item n the

AP youngestAgroup$ .63'In- he midale aged groupoian 71 j the oldest
4roup. There was no difference In pitercepts be tne 20 and

3d year old-groups. The InTept of the eldest geOup vas

.

0*. .,
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.
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markeoly higher than tha t of the two younger on. A kubsequent
study by Anders and Fozard 11973) replicated this result for the :1

young and old groups only.

Because this experiment is widely cited.le.g. Cr alk, 19771
.Sternberg, 1975) critics! examinations of both tne data and the
design are In order.' A surprising finding was that the middle
group, 36 year olds, performed more ilke the older than the
younger group, even though "the chronological age of the middle
group .was cioier 10 the younger. Taken at its,face value, this
suggests twit tne speed of scanning working memory is an unusually
agesensitive function. However there may have, been population
differences other than age. The younger group was recruited from
nospital staff members, while the-two ojaer groups were recruited
from a panel of Volunteers participating in a Veteran's,
Administration study of aging. It would be advisable to replicate
this study, using either a longitudinal study or a crosssectional
study, in which. all subjects were recruited from comparable
sources. It shoulo be noted, tnough, thbt the old vs. young
contrast js not in question, as the finding that the elderly have
slow memory scanning rates as peen replicated. The form of the
age=perrormance fuhction Is still unclear.

A-stuoy,by Thomas, Waulpf and Fozard (19781, using a related
paradigm, suloge-sts that thespeed of memory scanning does decrease
with age, but not as rapidly as the Anders et al. results would
Indicate. In tne Thomas et al. study memory set size was held,
constant,goy always using either six letters drawn tfos the front

st-444411-4
alphabet, Ip,gy4i,t,r,i). A single letter, was displayed on each

. trial. Tne task Has to indicate whether or not the letter was a
member of the memory set. Thomas et al. observed that, for some
unknoio reason, people are faster in responoing if the memory set
is orawn From the first part of the alphabet than from latter
part. Regardless of wny thfs is so, Thomas e( al. argued that the
.fact itself indicates that more processing is required to match
tne letters in

a

in the seed set. It computations In working memory
generally slow with age, then age effects should be magnified .

when the "stow" set of letters is used. Some relevant portions pf
their data are displayed In Flue 29. The hypothesis was clearly
supper e. Furthermore, the relation between reaction time and
age aS eittel'ilnear or positively accelerated. .This contrasts
with the ne;atively acceleivited function obtained by Anders et al.

The logic of memory scanning expe7ba<t's c4,beill'textended to
stuoles of retrieval of inform3tion from Secolpary amory. The
most stPaignrforwaro Hwy a do this is tpextend tna size of the
membry set. A ]neat deal, of rem arch (conducted outside pf the
.stpoy of aging) has shown that wo King memory contains at most
'about nine items, ,In order` to tes secondary 'memory, one simply
.uses a memory set containing more than ten itrais,'tnus ensuring
that at least some of the list Is ketrieved tram secondary memory.
Anders an., Fozard (1974) Aid this, ,na found On strgnger, age

*. A
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. Aging and Cognition

effects on scanning info;Imation In secondary tnan in primary
.

memory. Unfortunately for our purposes, Anders and Fozard only
tested. young (20 'Fend o d (65+) subjects.

Sternberg s emor# canning par'adigm,lb uuestionsble as a way
of testing the sc nning pf ,secondary, memory, because Of the
difficulty of e suring hat a partiCuNir item is retriev d from

. secoulary mew s and b cause theta- as coqiderabie oub as to
whethertne lin ar rela ion between PT ana7list siz holds for
lists too long o be held in working memory. Since the question
of age effects. n speed of access to liforiliation Isn secondary
memory remains sensible, one, somewha differet0'141 rsdigms have
been developed o address it. Fozard and Poor (197 I had people

twelve airs of arbitrary wordword l'NsolOate-a.
.

HYPo.the I example of the items used aret k'
la's

%
1 Vt

, '1 1 'i,

\ .

, .40,

'NI dblar
,

-- igloo,
... psge rable ,

...

.

\foot -- mouse . .,.

,

MY-

Each item was presented ,twice In a blo'ck of twenty four trials,
and blocks were repeated until learning was Comp) Ate. After tne
first block learning was by the anticipation methapi A $tiimilus

4 item would be presented (e.g. dollar..? ), a response r oraedtt
and, if necessary, corrected. Using this design, one can ex mine
the time required to make a response on the second prese.ntat on in
tack Irta-olsa-seiuncttari-o-f---ttre- thter-r-tra-f-be-t-ite.e-n- the -4

,second preseotation. The argument forwdoing so is that If tit

trials using the.sIe item follow each other' Immediately, the 4

answer will be fetc ed from primary memory, whereas If several
other trials 1 tervepe the response must be fetche41 from secondary
memory (Akinso 1968). At ricirt intervals there
was only a slig t di ference in reactlondtlmes between three age
groups (mean, ai 2O ,53p 63), at longer intertrial
Intervals the tw lolder groups we markedly slower.

\" ttt .

The primary-5 c10 dary remordistinction was expanded upon in
an experiment by Wa gh, ,Thowast and Fozara (1978I which permitted
a direct comparison of retrieval times from each type of memory.
In tne first part of thil experiment, subjeots simply read printed
words. There was virtually no ditiference in naming time across a
wide, age range. In the s'cono part of the experiment, 12 item

(
paired associate lists N re presented with a procedure similar to
that of the-Fozard and P on study. Fojjowing the presentation 0?
set of pairs, tne cue teem for the last pair would be presented.
An abbieviatlon of tni seqUence'wouia be=

yam zoo
vat wig
ink Jam

. -50- n



Paired Assocfates,
Working Memory

Paired Associates,
Secondary Memory

Table 3

-S

Age
37

583

58

-r`

.
524 589

721 .741 / 795

4. '. iP 1 ,"
.1i22

,.

-

1469 1732 \ -A

/ . . . -

,-- _.-- ----,..z... ,----- 4, .- i

.

R--
94i -

A

Geometric Means (cosec) of Reaction Tire for naming
s--and-re;riaval-of,paired_as,soaates frOm work-

ingemory and-secondary memory (Waugh et al., 1978).
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,... . . a
. eel - fox

. .
.

eel - ?

De tilae required to prOduce the response*( "fo for the "eel"
cue)was recorded. Presumably the retrieval of the response tiro
was from primary memory, since no Items intervened ostween
presentation and test. Hence RT as taken as a measure of the

speed of primary memory retllevel. - .

el
:

In tne secdnd pelt of tne expelment, participants memorized
all twelve pairs of associates. Mn onic cues were given to aid
them in Aorng this. After the list associates had been

%

. memorized, ipdivioual cue words were esented, and the responses
to tne; were timed. In this case the resumption was that
retflev.al was from secondary memory. ble 3 shows the results.
A positively accejereted function relit ng RI to aging 4s clearly
evident in tne.retrieval data. Retrieve from seconaary memory is
consiaerably slower, and the age etects are larger.

wit

__Eyrther confirmation of the 1:1'ypothe is that aging has a
'substantial effect on retrievalotime trots secondary memory was
obtained dy moon and Fozard. (19803, usi

rots
a continuous recognition

lttask. In this experiment subjects were reserifid a long series of

morals. with each preient*tion they had o indidete whether the
wombed oeen -presented before. ZU, 50 A d 60 year aids showed
small, but reliable RT differirices for wo dsthat were still in
th_e_apa9 qf primary lworkinWiemory. iTh differences in
retrieval, times became much larger when t words nab, o
retrieyeo_from secondary remo.ry.*

7#. ....-----

The literiture.seems strong enough to war t A firm
.

A inclusion.In,sttuations.in which an individual s queried about
Information that .has beeh received within the.last tewmihutesi
information rttrieval becomes slower is we age. Effecti are
clearly evident by age 50. The data Is sparse for the 20-50 age
ramie, but presumably there is some slowing of response. The
amount of slowing and the effect of age upon slowing of
information retrieval will be greater if the information- must be
retrieves from secondary rather than workiromemory. while th'e
practical imp.ortance of these observations his not been
demonstrate°. for even investlgatedl,,tne fact of slowing should b

kept in Aind in the design of work,situations where aiparson dust ,,

keep .track of rapidly changing situations. Given the experienta
evidences 4tudies of age. effects on tasks sucfi as those of a- . k
.oispatcher, air teaffic controllers or the direction officer seem

.... ,waferanted. .
,.

o . ..- t,.' .'.

fcTCHING INFORIIATIOtI FROn..SEMAN1:14 MEMORY
. .4 4

. .
.0 calk

Pie items of lnformitation.in Wdrking memory are not
,transouctions of theyhykital stlisuolus, they she interpretations

of that stimulus. Very many exPeriments-, which we shall mac* nk .

,

-
.

w

1.
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Aging and CognitloW

attempt to reviews have shown that when a person is shown a'
mesninOful symbols such as the visual stimulus CRT, the entry In
wo'rking memory is fiat a ripresentation of lines and angles, but

..
rather i repsesentation that includes the semantic meaning of our
word ter Nsms11., furry,00mestic.feline.'" Obviously this semantic
information must br retrieve4 from ermanint memory in order to
understand speech. Rapid access to semantic rnfortation is
Important in' many non-verbal problem solving situatlpns as well,
although this_may'be because humans can use verbal representations
of these problem ;. Because access to semantic information is sucn
an important feature of our thought, it Is reasonable to ask_ .°
snetner or not the speed of access to semantic information changes
with age. 4

0 1

,

There are actually three questionsherej, how is semantic
access to be measured, is it a reliable dimension of inaividual
variation, And does thisrdimensian of.variation correlate with
age? Several procedures f§p measuring semantic-access have been
developed. They all requIN that a person calculate a response by
retrieving some well known tact. One example is a simple word

1

recognition task called "lexica-1-.1oentificationN People are
shown eitnerha common word -or a non -word letter string that Is
fo'rmed according to the rules of Eng' litOrorthography. An example
of a non-word woUi9 be RADE, which Is not a words but does pot
violate any spelling or pronUnclation rules. Slightly morgo
complex tasks force people to compere tic; semantic meaning of two
or more woross as In responding to the questionsnIs a canary a
bIrd?k! Tests"of semen access are not always based on written

-4eIt'S,
-tangdege. An ooseryer ca e asked to name a hionly fami-14-er
visual stimulds, such 4s .a picture of a bird or a house. The
common creature of all these tests Is that they reoure the
calcularion of a'responsr.based upon knowledge of semantic
information about the world, rather than upori knowlege about a
particular episode In a perionl.s own past history (Julving, 1972).

...

a
It does,notseem to matter too much whicn of theses proCedures

is used to measure a person's speed of semantic access, as the .

-resulting measurer are highly correlated across individuals (H4nt,
pavidsofts and lansma6 1q81; l!almer,,MatLeod, Hunt, and Devidson,
Note o.) The fact*that tnere 1s-a retilable "semantic access?"
dimension of indiviqual oiffereAces appears to be clearly
established. ,

...

Aye effects have been little stuoied, which is unfortunate
given the Importance of semantic access in everyoay reasoning.
The only adequately controlleo studies that we located were ?

.a. retateo experiments by by Domes, Fozard, And 4augn (-14177) ani by
Eysenck (1975). The Thomas .et al. study is of more interest here
because it cov'ereo the age ranges 30-0/ whereas Eysenck
consloere'o 17114y groups in the l4 :Os ano late 20s. People tfere
aske4_e_i_the.r_i a_l__ to_n.am_e_p+ctur_e.s _of COA1110/1i t tiliS__Or._ Ala yi rign . ___ _
giv.en a name, to tell whether the followirw picture.was arl example
of the name les in the word,"0 ceti followed _by a picture of dice).

-
.

N,
,

, -52-
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41 49 59 72

figure 30.: Time required t6 name an item or mach it to, an indicated

seMantic category. After Thomas et. al.., 1975.

ft* A

I

4
AI



Aging and cogrisLion

Tnomas etflaloq cats igore 30. Age effect are
evident. .1

We would hesitate to generalize wIdelytfrom the Thomas et a$.
study to semanjlc access In general. Although picture
Identiticatlon and other strictly verbal measurel of semantic
access are highly correlated In young adults tHogaboam and
Pellegrino, 1Y7o; Hunt et al., 1981) this may not be the case for
peopien their 40s and 50s. A picture naming task has obvious
visual as well as verbal components. The psy.chometric.date
clearly indicates that age affects visualllation adversely, while
verbal capacities are retained. It should De noted tnat measures ,

of semantic access are intentionally designed to be tests of the
"availability" of culturally relevant infoimation. As such, they
epitomize Horn and Cittell's definition of the crystallized iGcl ,

Intelligence, which Is said to Increase wltn Age. It is
difficulty to know what sort of prediction to make concerning
performance In a speeded semantic task that pets *expected
Increase In crystallizegi intelligence against an expected decrease
In cognitive computation. Depending on which of the two
age-related processes deminated, one could make a case for
predicting an increiSe or decrease In speed of semantic access at
a particular awe. Clearly the gSestion can only be answered by
research. that explores-the pertormance-age function in detail, for
a variety of semantic access tasks.

\MANIPULAYING VISUAL IMAGES IN THc HEAD 4

The las paradigm to e discussed differs from the others In
that it. recto, s'the manipulation of a visual "mental Image"
ins\eeaa of the'whnipulation of language Information. Based on the

. psychometric findings, vit is known the ability to make that such
manlpuia ions\does not reflect the same dimension of Individual
different 4 as does the ability to db verbAl Tasks. #

that'pxper t at seek to determine the speed with which a
person manipu visual information are usually based uPari. a s

variation of "spatial rotations" paradigm developed originally
Dy Shepard and lerkiln, The.tasK is illustrated In Figure
31. -Two meaningles figs a e resented, at different angles of
orientation with :es° cat o he o server's lihe of sight. The
observer must indicat.f='whether or not the two figures are
Identical or arc mire images o each other. This tasK'is of
interest oecause, lecan be thoug t1/4ot as an esperidental anaTog of
tasKs that regul,re a person to r conclle different visual

..,..%

perspectivbs, a skill rceAulred in a number of mechanical ,

operati.ons. RT ill spatt41 rota ion exp'eriments can be described
by the eguatio.p..-----

-11 1
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Aging and Cognition
.

were G Is the angle of rotation required to bring the two figures
In o spatially congruent mental. representations. The parameter B
can\pe.regarded as the,time required to "rotate" a mental image

through one degree (Shepard end Metzler, 1971; Coopef. a'na Shepard,.

1973).

Gayioro ana Marsh (1975) found age diflerencies In the speed '

of mental .rotation, as measured by the B parameter. However, they
only contrastea young adults with eider) /. (65 +) individuals.
Berg. Hertzog, and-Hunt (1961) obta)ned mental rotation data from
university alumni (hence, a "superior ability" gro4p) ranging in
age from 20 to 60. In this study the sJects practices the task
for four days, to.lessen the criticise fhat older ?ublects perform '

more slowly beoause of a lack' of familiarity with this iyoe of
task. The Jesuits are snown In Figure 32-4 RT increased stead4ly
with age and with the angle of.rotation. In addition, there was
an Interaction between age and the angle of rotation, Indicating
age ulffdrences in the speed of rotation itself (the B parameter).
Table 4 shows Berg et al.'s data for the A and B parameters as a
function of age. The data show a progressive increase in both
parameters with increasing age. This is' consistent with the
nypochesis tnat the speed of Fomputation.upon a visual; primary
tleplory representation Increases with a person's. age* ,Sin-ce visual
liege manipqiation and reasoning is sometimes sal° to be Important

in a v\aitts. .of mechanical and motor control tasks, it would.be'of .,
interest to investhiate further the relationship between ages
spatial;- visual )mate manipulation, and perfetmance in selected

occupation. It would oe particularly interesting to determine
wnether the age effects that are so clear in Berg et al.'s data
nold for'.1ndivhduals who practice spatial tasks in their daily
lives, sdch as aviators, professional autd,obile drivers, and

architects. ,//

r
TIE COnTINuITY OF AGceTRENDS IN MENTAL COMPUTATION.

.-

..1

._...../ t ti.
The literature on mental computation is, remarkably -.

consistent. There .appeal to be a subs.tantlkil slowing in lbe
speed or mental tasks as one passes through the working years. In

general, the greater the complexity-of the, mental computation, the

greater the amount of slowing observes In the early 60s and beyond,
(Cerella, moon, and Williams, 1980). In the section bn response
seiec Non we notpo that,there is a linear relation between

chro4.logicaloge between 20 and 60 and the time requi,red to

selec respo as. Does a similar refaton hold for the time
require() by more complex mental calculations? Table 5 stows the
results of fitting h linear function to oats from several of the
experiments that have been clteo in this,section. In summarizing.
the data on motor movement time, we observed tnatman sing
effects upon RT relations can he summarized by the linear,
regreision e44ition of EqditT-dh III. -HogReif ooes thhr41

.

ttror
. 4 %

.
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Figure 12. Reactioh time to identify geometric figUres as "same"

or "different" as a function of angle of rotation, age, ,_
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21

21

32

4

33

.

49
.

53

62

64

Table if

Slopes, and Intercepts far
Aae Groups over Days- of Practice ,

Sex Da.; 1

. ,r .

. .

Females Slop "- . 6.65
,

. .
Intercept , 910.40

.Males Slope' 4,79:

r Intercept 1009.80

e-

(
Females Slope 9.66

Intercept 891.40

Males Slope- 7.U1
1

Intercept 1646:70

...
. .

Females Slope p'.87 .

Intel-apt 1176.50

Males, Slope 10.43

Intercept 1412.60 ..

....1-

Females ' Slope 17.96

-Iptercept 2145.80

Males 'Slope 10.40 P

Intercept 1337.70 N,

I

Data from Berg, Hertzog, & Hynt, 1981.

\.-
1 t

et,
014' .1

Da.;, 2, Day,3 Day 4

. . .0

4.69 '-.

.

.% 3:63 :

!

3:26

683.30 606.10; 5q0.40
i k . 1

4.90 ;',. 3.88 3.59
.

744.00 679.46,648:60
i

I.

116 5.83 4.70

731.00 636.10 574.80
7 i

5.72 5:3e
,

4.11

838.70' 758.10 762.30'.

.

7.73 i.6.67)" 5.84

. .

921.50 856.20 794.30

9.42
, .

9.28 : 7.60

1124.80 , 997.60\ 6'105/.70

17..00 14.36 13.17

1468.80 1446.60 . 1167.7.0

9.8? 9:32. 8.92

1224.4. 1042.20 1117..30

atm
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ask

. Primed, Memory Retrieval,
.Famil larStimulus
,(Thomas et al., 1977) .

4 .
. "(Reduced case of

Thomas et pl..data) ,

.7 a
rs57 5.00 , .99

:,

i s r ..

1 J
(Thomas at al; 1G7* 439 5.7, .93

. t.s.

t-

Table 5

627%.

c.

B

1.84 .27

Naming items

Matehing semantic categories ,

(Thomas et al., 1978) 412 <--- 3:57 \ .91

Response to tone while doing.
a Maki Verbal Memory Task
(Hunt and Lansmart, 1981) 178 3.66 93

I

,

Fit'of the equation RT I. A + 0 (Age)

to data from complex.reaction time . s
.....

, tasks: All data is milliseconds.
- .
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Aging and 'tognition

data for tasks that depend wore upon complex memory computations?
The fits are not as good as were obtained for the simpler tasks,
but are stilt substantial. The major exceptions are that IL in
Thomas et al.'s (197/) "semantic" studies, ageeffebts were
negatively acceleratea functions of absolute age, and 2) that In ,

each of the conditions of Thomas et (1978) Primary memory
study there was one group whose results were not in the oroer
predicted by Equation 5. Ih particular, the 30 year old group was
unusually slow In dealing with "familiar" items. )When these
groups are removed froi the analysis (the "reduced" casq of the
Thomas et al. data) tne tit at the equation Is substantially.
Improved. #

inc case for the proposition that mental activity slows,
continuously with age seeps strong.

N.

8. ACCURACY OF INFORMATION RLTRI'EVAL.-

Tne olscussion will now shift from a review of studies of
speed of responding to studies of accuracy. The material revieweu
in this section deals with age related changes In the retrieval of
information from memory. Section 8 deals with changes In prOblem
solvin and rtasoning, tasks that require people to consider the
consecluences of explicitly,presented information. Section
critiques knowleoge of the relation between age and 'accuracy of
mental processes.

AGE CHANGLS IN WOKING hEniKY

r

Woo, many pieces of Information can a per.&on keep in mind at
'once? In 4 memory span experiment, a person is, asked to recite a
small amount of information presentee seconos before testinj The
Digit Span Subtest of the Wechsler Adult Intelligence Scelf (KAB)
is a good example. The examiner reads a list of digits aloud, and
the examinee is askia to repeat them, either forwards or
backwards. Tne number of items correctly recalled is called the
digit span. Estimates of word and letter span usually_do not
differ greatly from digit span. Bevause of tnis, Miller (1956)
has suggested tnat the unit of memory is4.the meaningf01 symbol,
whicn he refers to as a "'chunk", rather .phan the mathematical,
measure or information in that symbol. Based on a survey of the
literature, miller (1956) proposed the "Magic numbir,seven, plus
or minus two" as a reasonable estimate of the number cif chunks
that could Ge helm in 'working memory. This is perhaps to bit
optimistic. Miller's data was drawn mostly frbm studies of
university students. Studies pf sore generai populations indicate,
trust aautt digit swirls usuailly (rom.fourftwseveh.(Matarszto,
1972; Tailand, 19681. Values below this range 4re considered
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indicative of brain damage. Values above this probably indicate
that the person being testa has developed somerspeclal trick for
memorizing fists (hatarazzos 1972; Chase, Lyon, and Ericsson,

. 1981). Providing that digit (or, letter, or word) span is tested ,

in i quiet areas estimates of its value decline only slightly over
the adult years (Craik)' 196b, 19774 Individualvariationvwithin
en' age group appears to be far greater than variation due to ages.

What produces a limit on laemory span? Several hypotheses
have been proposed. All are based upon the assumption that the
memorizer sees the Object, names it, and then folds in (internally
generategj flame in working memory. After an extensive revjew,
Dempster (1981).conctuded that,the limiting factor in span is
normally the speed with which an Individual can recall the name of
an external stimulus. This fits well with the observation that
age differences in digit span are small, for Waugh et al. (1978)
report only mlnimal'age differences in naming latencies..

Working memory should not .be thought'of as a set of slots,.
enalagous to post office boxes. It is more likely that working
memory consists of a sit of records that are kept In a high state
of arousii (loosely, "rehearse-d ") by an active process of
attending. How does one remember a list cif items? By rehearsing
verbal Iaoels insioe the head. If rehearsal is interrupted,
memory span drops' dra%tically. To illustrate, memory span crops`
to almost zerd, over as short a period as 18 seconds, it the
examinee is asked to count backwards by'- threes miring the period,
between list presentation and recall (- Peterson and Peterion,
1959).

* 2
Holding information In working memory is an attention

demanding task. Applying kahnemaries'(1973) mental resource mode;,
of attention, wnenever a mental task requires temporary retention
or information in working memory, attentional resources must be
diverted from other ongoing mental ectivipes. Conversely, _the
presence of other ongoing' mental activities will limit the amount
of attentional resources that can be allocated to the memory task.
There is a good deal of experimental support fcir this proposition.
PI general, it Is difficult to hold Items In meitory while other
Problem solving is going an, and the act of problem solving will
reduce the memory span. For instances tne time required
compreheno a simple sentence is increased If people er-e asked to
hold irrelevant information (e.g. a set of oigits) In working
memory as the sentence is being presented (Hitchs 1980;, Lansman,
Note 9),. Mathematics proolems that 'lace demands on worsting
memory, susdh as additions with carries, are harder than similar
problems that do not place a bur.oen on work*Ag memory (kitch,
197d). The logic, used to explain these phenomena is essentially
the.same as thptused to explain interference In dual tasks. It

is asserted that in some situations i person must conduct two
sorts of mental computations at tne same time; rehearsal of
information In working memory and "something else." 'Tne two tasks
cumpeLe for kilited attentional resources, hence Perforrtnce on
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one or both tesks should deteriorate. .
A.

.

.
. . .

. .

fr the attention competitiopexplanation is combined with the
attenional deficit hypothesit that attentionel capapity deekreases
with agar lit follows,that'age-related decrements in deisUres of
morking memory cepacity.should appear in 'situations In whlc4i other
ongoing mental activity impose demands upon.attentiin -- 1..cd4, n

,,..d duet task paradigm. .while literature reviews nave suggested that
khe predipted age effect ooes occur, examination or the primes,"

,

literatUre Indtcates that the effects are small and only appear .
after age 60.. Figure 33 shows some data gathered by Botwinick end.
Storan4t (1974), in which digit span forward and CaCkward WAS
cal.culeted.in the normal manner and while suhjects were doing d
concurrent finger:tapping task. There was virtually no change in
digit span before \age.60, in either, in strigle or dual task-

. condltiont. Si-miler 'results,have been reported by TalJand, (1965)
losing slightly different dual tasks. The expected age x tar
condition interaction appefred, but only atter age 50.

J

heiliory span tasks are usullly self, paced. The attentional
demands of ',memory tisi can be Increased by using an
experlmentercpaced situation Fn which the contents of workiril
memory.must oe continually updated end tested. Active use of
wdrking'm mori in this way seems to be an important element in
many °coupe onar tasks'. An al.r traffic controller, for instances
must keep trackb-fa changing traffic 'situation. This situation
was mucked in-an lexperiment conducted by Hunt and Lansman (1901) %
for somewhat differLent purposes. We earlier presenteo data on tne
response selection'*se4cts of their study. Here we report a . "--..2..

. second adultional arle4ysls, in ;Olen we look at age effects on ,

recall.,trom working memory -as a function ót age. The. conditions
tnat ere rei.event are their single tarls-condliiions, in 'which 1(

subjects hao to Keep track of the current state of 4 continuously
changing set.of letter-digit pal-rsd For example, Iff atypical

- v
sequence

.

the following events would occur: f
T .

Event on screen '

A

B 2

A ?

A 7

B ?

B

eta., -

Resporke

.5 r 2

2 I

..
4. %. i.

The example given is trivial, because tr.ere are only two variables
.

. . Ni.
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to be recalled, the numbirs currently pairea with A anal P. The
,u task is much narder It five or seven variables are to,be 'used.

Performance on this task hes been shown to depend.nesvily upon
working memory 4Atkinson ano Shiffrin, 1968), .Figure 34 shows

-

accuracy of pertormaneiriflotted as a function of age and,.
complexity of the task (2 variables opposed to 5).' There Is a a

slight oecfine in pirformance with age, primarily due to reduced
performance of people teydna 40'. .

4/

.

,,CUhDARY

Information must be recal led frbm secondary memory if
-.Information presented excteas.the capacity of working memorys or
if some activity, requiring working memory in'tervenes between the
time tnat,information Is piesented an the time tnat it is to he dr

recalked. Ex'amples souk; 6e recalling a list df twenty to thirty
words, or retain:is; a five worolists after having done ,arithmetic

e in the period betw'een list presentation and recall.
The easiest way tp test secondary memory Is to extend the

memory span expertmvit by pretenting a list longer than can be
held In-working memory. The assumption is that this.fortes the
recall of some items ffom segondery memory. Figure 35 present's
qata unthe accuracy of'recall of lists,of words as a joint
tunctisinfof.list length and age (Tillands 1968). Age effects do

. . isP'Pears but tOy fret small.
4 _

.

An alternative tecnnl4ue for studying recaiOrom secondary
'memory utilizesa phenomenon known as 'the serial position effect.

O It nas long been known that ifa person attempts to, recall items
from a-lisf that exceeos memory sparipAne best recalled Items are

.those at tne last of the list 1"recencygi thl items most recently
presented are recalled best), followed by'the Items at the front

,,of the fist ("primacy"), ano then by'the Items In the middle. The

usual explanation for,the recenby ppenomenon Is that items hefr'
in the list force the earlier item( out of working MeMory. If

: recall is tested immediately after the Hit is 'presented, the last
few ktemswill,be-resident In worAling memory, while the remaining
items must- be rkcalleo.feom secbridaryimemory. teok (1977) has

. reported data shbWing $hat,thire are no agft effetts on recall of

... Ltems I'n tne recency portion of a liste butthat age effects oo
+appear in recall of items from tile earlier parts of a list. The

..

- lath of. an age by r/cency lintecection.is consisteHt with the ,

i

findod tnat the capacity ot.working memory ddes,not change with
.

ages but tnet the effebtiveness of retrleyai ftoksecondary memory
does. ', ' . . . .

. , . . .
*

. ...,

Altest,of seconoaey memory shisultaneously tests ihree things,
the anl.ity of a person' to transfer infbrmstIon from Primary to,
seoonoary memory during the stdrageistage, the ability to retain A

Information. In secondary memory for some' period of tikes and the ,

.
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ability to retrieve that informationvilven_whatever cues ere
prpsented 4hen retrieval Is required.. Norman and'Bobrow119791
present.a useful way of conceptualizing theethree phases. During,
the stoeaue phase a person establishes andescriptlor of the
information to be storede This' is roughly analAgous .to.so
libratlan's cataloguing a book WiefirIt Is pi.rcha ;ed. Certain
flicts.about the informatiqui to be stored are noted, and these are
used tokestoblish a scheme of references that can be used for
later retrieval. Imagine 'a person trying to memorize a list
containing the word '"cat". Part of the' referencing scheme for
this word might be based on propeyties of-the word itself (e.g.

.04

"cat" sounds like "bat", "cat" Is an animal) while other
references might be deriveo from properties of tne referent; 6
from idiosyncratic facjs in a person's prior Information structure
(e.g., "My aunt Eloiva has a cat, think of heY holding it"). Ono.e

the active cataloguing process hilE been complete the' information
itself is asSumeo to reside in memory, without requiring furtner
(attention demanding) maintenance. When retri val is required
some cues will inevitably be present. these c es are used to
deteraine a'retrieral scheme analogous to the proceoure,a library
user executes when trying to lino information. If the retrieval
scheme and the detcrIptIons match, the Information is recalled.
Otherwiseit is not, Successful memorization tnus aepenos on two
things: tne development of schemes for description and retrievaiT
and the exterit to which the two schemes match.

The divelopment_uf storage ano retrieval schemes fits into
Schneider and Shiffrin's (1977) ,definitioh of attention deAanding
controlled processes. AccorOng to the attentIonal deficit #
hypothesis; memory shouio be to age effeCts as the.
schemes are being constructed. The retention phase, being passive,
snoul'a not be sensitive to-age and Its, associated reduction Ln
attentional capacity. Aoe effects op information retrieval should
be founo when thestorage and Tetreeval phases. require extensive
computations in themselvts, or Wnib, storage and retrieval occurs
in competition with other cognitlfi, compUtatIons. On'tne otter
hapd, the effect of 'retention Interval, per ,se, should not

\
be ,

.

influenced by age.
,

.

In an elegantly designed study, Wickergren (1975) foun
Precisqly these results. He use.E0'a complex version of the
continuous recognition memory paradigoil,in which a person is Shown
a series oritems, some of which are Presented two er, more ,tires.
.The person's task is to respond'to Indicate wnen an item A
presentation is repeated. By applying a fairly compJek
malftematical Analysis to the data, ilickel.gren concluded the t ere

were do effects in storage and retrieval, out not in reterlti .

Unfortu ately for our purposesp_Wickelpren only contrasted the
. perform nce of phildren, youhg acults, and the elderly.

Wickelgren's experient should be replicated on,aoults in the
middle age range. The tact that young and old adults were
equivalent In yepetrtion implies that retention is stable in middle
age as we On' the other hand, without testingseople in the.

-59- 1.08
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20-60 age range, we have not way of tracing the change in storage
and retriayslfunctiOning over the working' years.

Secondary memory can be tested by recall, which f orces

construction of a retrieval scheme; recognition, which minimizes
the need to construct a scheme; or b.), cued recall, in which
assistance is provided In constructing particular types of
retrieval sehemi.s. Table 6 shows-the oats from a much orited study
by Schonfeld and Robertson (1966), In wnich people ofvaryfng ages
were required either to recognize or recall arbitrary lists of 24,
words. There were vlrtual(y no age d4fferences In recognition.
Recall dropped regularly .with-age over the 20 Ito 60 range. This
data is typical of dicta obtilned in seve,rai otoer studies
contres6ng recognition and recall f:erformancei.'The result is
ubviously consistent with the- ttentionat deficit nypotnesis.

A further test of the interaction between memory performances
age, and attentional demands could bt constructed by experiments
tnat attempt to show exacerbateo age effects in, deal task
sAuations, similar to the'studles that have.shOwn primary meisory
deftcit in dual tasks. .Accordlrig to the hypothesis, s competing
task should increase agerelated droPs iremen6ry if it competel
for attention during_tne storage or retrieval phases, but should
have no effect, if it,is introouced,during the retention phase.
Such experiments woul0 be of.interist in themselves and because
thty seem:to be analogota to real world situations; e.q. trying to
memorize or recall something as you are distracted. We are
unaware of any studies that have used such a paredisim.'

'

-Me argument that establishing.a descriptigrigis importaqt in 0
Meporization. has been phrased in a somewhat different may by Crack ,

and Lockhart (19?2; Cracks 19791, who use the term "depth of
processing". In the Norman and Bobrow terminologypCralk and
.Lockhart claim that fn constructing desCriptjoni there is a fixed
oraer dt elaboration upon the information priesented, beginning
with noticing 'physical features (e.g. "cat" has a particular N.
visual shape), then art,relateo physical oodes ("cat" sounds likel
"bet"), and finally a network of semantic associations. Craik and
Locknart reterregi'tothe predicteo ordeKing as representing

, progressiviky deeper processing, and asserted that deep probessing
had to be completed. in order ,to ensure memory retr.leval... The
necessity for a hated urger of,pitocessing has, been questioned.. Ah
elaborate deicriptiOn can be produeed at a Isnaliom" level and
still serve as a good oescriptioh to pada retrieval (Baddileys
1970; Nelson, 1%77). According to RorMan and Robrow's analysis,
the impor,tarlt variables are'howCmuch processing is done at storage
time and how well the oescription iratcnes trre retriemsl scheme,
and not *mat type of processing is done. Regardless of the
details of this uebate, it doe-s .seem that Creirt Und Lockhart's

.1 distinction between stiallow and deep processing may well represent
the normal procedure used in establishing desult.lonss Studies
of mnemonists Unese, Lyop, and Ericsson, 1981; Hunt and Love,
1974) have shown that very good memorizers oo adopt scheMes that
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. tne deep processing.concept is another example of the use of
ao attention demanding controlled p ocess to fix information. in
memory. If attention imanding pro asses are most Affected by
agin9,,It%follows hat age effects memory should be most
Oro-hounded wnsn deep,procesAing Is required. SimoD (1979) tested
this hypotnesis by presenting supraspan lists of words for a fixed
perioo of time. Retrieval was aided either by presenting an
auditory pus (e.g. cueing "nog by "smog"). or a semantic cue (e.g.
cueing "bog".bY "pork.") The argument was.that the phonetic cues,
representing shallow processing, should be effective at all ages,
out' that the semantic cue, representing a level of processing
reachfc only by fast processors, should be effective only for

.,

younger subjects. Older people (mean age 61) showee less recall
Wan younger subjects (mean age 20) ih all conditions but tne
differences were greatest for semantic cueing., Middle aged

. pareaciPartts.(mean age 43) homed intermediate results. Simon
.coricluoeo that semantic oc sing was ,most affecteo by age, and
tnat 'effects appear ,as arty' s age 44.. This conclusion Is .

similar tothat report 8 by Ey nck (1974), in a study that showed _
semantic cooing deficiencies In. 54.year olds, compared to 20 year
o ffs . . . .

,

. . . , L

.
An algrnative0y to test,the attentional deficit t4potnesIs

Is 'to look for the absence of,age effects.4n sitgations in which
tnere (s no draw. 60 attenelanal resources. It has been argued
tnat some Kinds of IntormAtion cen be storeli and retrieved
"automatically," i.e. without attentlonai resources being .

k
expended. Memory for the frequency with which events occur and
memory for the temporal order of two events have teen offered 11,1'

irxamples of automatic memorization., Memory for both frequency
(HUsher and Dicks, 1979) and temporal order (Perlmutter, Metzger,
Nezworski,.and illler, 1981) has been shown to be equivalent in 21
year Od and 60-year old smtjects, It is hardry likely that theee
would be effects In the age ranges in between. ),

.

. >,
, . .

All the tasks tnat have been described 40 far depeno upon
verbal memory. Would, the picture change if memory for visual
events were tested? The question Is not easy to answer, because
our normal memory for visually presented events may depend. in part ,
upon the verbai processing teat, we oo as we name tne .intents. One
study tRelge and Inman, 1961) has been reported of memory.,far
"unJapellAole" visual, auditory, and tactile stimuli. Redbtnition
memory for all tnree types df information °rapped with age, The
results are shown in 'Figure 36. Note Opt the greatest drops in

1.
auditory ,and tactile memory appear relatiNely early in soulthood,

. while memory for victual stimuli did not giop until the 50s., , .,. .

v :t

i
The delayed Cia:dp in visual memory may be questioned on the .

4
441S of the date from the Punt and Lansillan (1981) experiment. In
ore *sectionsof that study, they replaced the Paired associates
Cask with a visual pattern recognition task. There were two

t 'm 1/2
4
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' .
levels of diffiCilty 1-rivolved,, depeOding upon the number of
elemmnts in the visual pattern, Figule 37 shows that accuracy
dropped as a function, of age for both the easy and hard visual
pitterns.- In contrast to the Riege And Ijman resultS, the.major..
age ditterencqi occurred between ages 35 alio 4p,

.

. ..,

There appear to bt:aeeerelgted'drops in both storage and
.

retrieval of information-in secondary memory, but the age related
, ,

changes are riot large. Thcattentional deficit hypothesis serves
as a.rough Ode for thkrocingllout the agerrelated changes in
performanotc, and suggests,that any age effects on memory will be
meenitio if st ranee Or recall oecdrs under dual task conditions..
.

?.-' ,-

,..
.... .

,--7
A cautv n is in oraer. , LogicOlysone could extend a

"seconoary meiscay" studyto recall Intervals of days, months, or ,

even years, but in praptite then hterval between information ..-0

presentation and 1etrievitis usually on the order of five to
fifty minutes. Vandugn.P.sycnology textsand teview article
freely generell e from the, laboratory stuoles to field srtua ions
involving much longer tige.intervals, there Is surprisingly ittle
evidence supporting the eeheralization. Experiments by Nelson
11967) suglest that tne:i'ame laws of memory 'do apply over a wioe
range of !earning recall intervals. The data Is gelte sparse,
thoggh,,ane more.,studies are needed before geneollzation from
laboratory to fill° can be said to be more than asstatement of .

faitn. .

.

.N avo.

I I, .,W

.s

,
"nEANINtart)i. HENRY

, -

All or tile memory explrimefits-reviewed thus far the
participant must remembqr Inferia0on that Is of little perional
releva0q.J e pairedraSsoClates task is a good example.
participants re eskeo to leern new, arbitrary associations
between items. &ten the items are nonsense materials or words
with low semant c assoClation. Tom-reason tor using such material
is tngt. psycho) fists want to *udy "pure" learning I.n controfled

. situations, where tie.experJmenter can control the participants'
exposure to.the informaeton to tie learnee.

One 'approcich ,to 1.te,study of.meaningful learning Js simply to ,

repeat toe oesign'of conventIonal.lear'nlwand membry experiments,
using meaningful. material. Suppose that one Ostia° Ao establish
leiliory.span fdr organized "chunicsn instead .or for
arbitrary lists,gf nonsense syllabfes. 'A generalization of it

memory span stay Is Co determine the longest sentence 610. can be
recallee verbaitm. Sentences of.ten or more words can be recelleo
perfectly. This leconsloerably beyorild ,the average memory, span for
'unrelated words. The usual explefietion Is that meaningful
materiel, is organized Into logicalaly coherent, muitlword units

,, 1

42
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Wnenever we -dial "pith people we mike assumptIonS about what
tney know of the wtirld: To what extent are tnere age-related

t

.
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,

which tnen form the unItof memory. For Instente, the sentence

"The dog cnased the gray; cat up the tree"

contains three propositions:

(1) The dog cnased the cat.

(2) The cat mas chased up a tree.

(3) The cat was,gray.
. .

.

KIntsch and Keenan (1973) have presented evidence indicating that
the propositions witnin a sentence, ratner than the sentence
itself' are probably'tne units of memory for prose. More

generally, as word strings are moved closer and closer to the
structure of sentences (and thus forced Into more and mere
propositional units) people at all ages recall more words from tile
strings (Craik and Masson', 1968)

,-.

k

As people
to construct
In One sentence
for normal
sAinteves
memory of
pessaut (KIntscii,
relatively
In tnelr 40s
ranue Tne
197e) Llgnt,
Is little
providing
propositions
found, nowever,
pr000sitional
Inferred teo4
real wort°

.

Thu dog

would hi an
the sentences
any one of
considered

In summary,
4 over elderly
prilented

.

,

-advantage

examine a connecter:, coherent discourse they begin
a propositional network that relates the statements

to tne statements or another. The recall scheme
prose' Is not to attempt to recd( the original

verbatim' out rather to reconstruct sentences from one's
the propositional structure of they.to-be-remembered

1974). Studies of ptote c3mprenension4ere
new, and have usualFy Involved contrasts between people

and 60s, gather than an examination of the full age
studies that have beeh"done (Cohen, 1979, 19E1; Taub'
Zelinski, and Moore' Note 10) all indicate that triere

age - related loss In the ability to recall prOpositions,,
tnat tney are made explicit In the text, as were all the

In tne examOle sentences given above., It has been
that elderly people are less Miceli to fill out a

structure 04 constructing propositions that irbuidbe
a combinationof therpropoSItions in the text_srid

khowledge. Continuins with the dog-cat eXampler, .

{ t % .10r
_

.
.

frightined the,cat
\ I.

.
.

...

exAmpie 'ol a proposition tnat could be Inferred from
ore4eqted previously, although It was not stated in

ttiem.,,fThm implications of tnis finding wilt De
In mor# detsA ji in the section on problem solving.

*dung adults certainly have a slight advantage
adult* In comprehending verbal messages that ere

In a lablbratory settings MI:ether tney nave the time
over adults in the 40 -66' age range is not clear"
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trenas in the ayallablity of c(ifferent types of "real-world"
Information? Informal rrasoning leadsus to expect an "inverted
U" function relating-seal world knowledge to chronological age.
There,is the obvious truism that the longer you live the more
experience you have with the woria. On the other hand, there Is
good reason to believe that At some point, and certeiraly in
adVanced oI age, the efficiency of the lear,ding process declines.
Popular ra nes it that the elderly retain clear memories 9f the
distant 1:1' ut are leas able to store informption about recent
events. Is seen in extreme form In certain types of senile.
oementlar ludirtg the premature aginq represented by AOheiseres
disease (Ga 1977). Do subclinicailmanIfestatiuns or a
res4stance.to learning begin to appear min the 40s slid 500

The evidence on this question is quite encouraging. Several'
stucIes have shown that older people are, if anything, more aware
of general world events than yeunger people. This seems to be
true at Least up to age 60. Warrington and her associates
(Warrington ano Sliberstein,_ 19793 Warrington and Sanoets, 1971)
founp that people in their 40s and 50s knew more about events that
has occurreo,ouring the past year than did English senior high
schobl students. Lacman and Lachman (1980) found similar results
In a study that coapared people over 40 to currently enrolled
college students, es oia Perlmutter (1978), comparing people in
the ZOs to tnose in their 60si It Is worth noting that the
effects of education appear to be mucft greater than the effects o f
age _Lils.tuoies of .thls sort.

' As there Is no evidence for a alminisOed caeieti,ty to learn,
meaningful material during the 4orking,yaers, It is DerolY

x surprising-10 finc4 tnat the possession of more knowledge
transiates.dlrectky into better performance in onels.fiela
expect-tse. ip tact, the difference between skilled and average or

tnovice prectieloners An latellectuelly demanding flelos.ls closely
. relateu to the amount of relevant knowleoge that the expert

possesses, ratner.than any appareht innate skill at ptoblem
solving. This has been Illustrateqby.studies of, information
processing in meoleine p777/. Experlencea intergists , .

appear to be fine diagnoiticlans, not because they are bdttert
Igg1cia,s tnan less experienced physicians, but because they know
a greet pail more about the relationship betwiien overt syiilptoms
and underlying dis'ease processes. Similar results have been
.obtained in the analysis of expert p!rformance In other fields

4(e.,4" Larkin at 1980).

Knowleuge about one's field of e parties, arts for .that matter
molt real wcrAdsknpwledgem, Is semen/ti knowledge, i.e., timeless
facts tnat Cf not refer. t personally experienced events. Tulying
(19724 has argued tnat the fs a psycheloglcal distinctioci
between ePtsppic and sealant! nowledge. ,This distinction Is
supporteo In the eg ng tera i; it appears that pillientic.Oemoiy
is lunutuarly reststant to ii;e0.J One, f the most rellable"findings
in 'the literature on aging an psychometric test performance is

;64-
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that vocabulary scores, a rough measure of knowledge about.
language, either increase or'remaln stable (Intl, beyond age 60 )

'rnatwinIck, 1977).- Untor natel/ virtually all studies
demonstrating- the Wengt of semantic knowledge over the life
span are based upon studie of the semantic knowledge embod140 In
language. Rut what about Information-about non-linguistic
ieletions r- for example, principles of machinery operation or .

procedures. Ili particular, what about the ability to jiccorporate
changtarinformatIon about princfplei, something that occurs
continually as technology changes? It is not at all.Alear that

'results from studies of the retention of language information can
be extrapolated to situations involving memory for non-linguistic
informations because language seems to hqld'a special place In
memory, even at the neuroanstomical level (Walsh, 1978). Thu"
appears to be almost no information on this importantpractical

. -
.onquesti ,, .

.
.

. .

. A great many of the results un the relation In age-and vemory
have been illustrated In i single studi'frr Lachman, Lachman, and
Taylor (1981). They tested memory for feels in middle aged anA

...younj schoolteachers, using both a multiple-cholce.and an open
nled questIonalrre format. The older teachers were either equal
or superior to the younger ones regardless of type bf format. .

Younger suajects were superior to older ones on memory tests that .

required the continuous ma.intainvice of Information in working
memory Tney were also faster, but not more accurate}} In either . j"

recalling information from long term memory or 4rawifig Inferences
from that information. .Thus the Lachman et al. Study provides, in
one report, a Jood summary ot many other studios et memory
capaoillties over*the workrng years. Other things.being equal,
,older people recall as.muOb (Or more) iettormation than younger
people. ,Youth's superiority appears only if thete are time ...

mressUres, or If It is necessary to keep, track of -hew information
for rtglef period of time. . .

The results from Studies of memory for meaningful Information
paint an encouraging picture for any employer consIdering the use
of an older work fojce. The laboratory lcture of deficiencleseip
lertning and memory begielping.im tni 40s_simost certainly
overstates' tne situation. Indeeop there 11 some reason to belle:se
that oider.personnel would be superior irnecil I Ing meaningful
material, providing tnat recall was required In a situation that
did not contain distractidos, and tnet did not place time pressuie
upoll responbing.

va,

9. eRUSLEs SOLVING

3

"Proolem solvine could refer to almost any mogriltive ,
behavior. rollowIng a aistihdtion that is based more on/logic

6
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than on psychology, problom solving, Is usually diviatd into
studies of deductive arid inauctive reasonina. In deductive
reasoning one craws conclusions from known facts. In inauctive
reasonlifg general rules are abstracted fromfan examination of
specific cases. These definitions are content free; one could
classify problems 8$ inductive or deductive regardless of .iirether
therdealt with fields as disparate as physics and medicine. From t

the time of Aristotle, people who think about thinking have hoped
to find ru.ies that describe people's thouaht7 regardless of the
content of the problem being solved. George Boole's classic book
on binary logic was,tItied "The,Laws of Thought". More'recently,
during the 196us there was a spate of work on Bayesian logic as a
general, theory. of human inductive" reasoning. ,

In spite of these historic precedenti, the search for a
general theory of human problem solving may be doomed to failure.
Variations in the content of problems have Cpten shown to exert a
powerful influence on Problem solving Ellasonand JohnspnLaird,
1972). Newell and Simon (1972), An a book that nas set tne focus '

for mdcr) mooern problem solving research, state unequivocally that
a person's reasoning will be.powerfully influenced by their_
experience with the material being reasoned about. It is prooably
unreasonabl-e to assume.that,there IS a general "Psychologic", and
therefore nardly ftultful to ask how logical reasoning, in
general, crianges with age. For instances the difticulty solving
oft multiple digit addition problems is airectly related to the
deianos.that a problem puti on Working memory for the storage of
intermediate computations (Hitch, 1978). Since Piero seems to be

littie, if any., drop l the storage capacity of working memory
over the working years, one would not expict to set a drop in
accuracy of mental k.jtnitetic with age. Qikthe other hanWthere
is an agerelated redtiction in the speed with which materlal in
working memory can be accessed. To make tnings still more
complicates, the extent to thial an arlthietic problem' makes
oemands on working memory will depend on tie algorithm that a

Person use for mental audition. Haw, then, is one to predict
whit awe eftlects.snoulirre "in weneral", without knowin,, the
individuaps approach to the problem at ,hand?

f .

Even tnough IndiVidual priblem-solving sthitegies ca+alter
fhe -attenteonal demands of a pijoblem, tftInKiho aboqt problem

sorvina /As d demand for month resources,otas provide a framework .

for expepting ordeYly relations between 'age.:iihd performance on

complex ,reasoning, tasks. in particular, problem solving should be
"mor,e oiffroult with advance° age where Rat' rapkid mental

coma ations are required) ih) the problem makes demanos updn
working Remory in sucn a way thAt the memory task. must be' executed

as a."duar task", coincooentally with other aspects 04 problem
and A e effects of pFlor learning can oe disregarded.

The last poi is ompOrtant, becidse it audressesithe ouestion,of
hdw erficie titonels mental tools are usedt As the extent Of
prior lelirning is difficult to document, most psychological
studies have trieeto avoid the IssUes oy presening people with

. .
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unfamiliar proll.lems.
,

;The .argument-for oo)ng so that, the .

psy0ologist wants to ditermine the covariatlon uetween the extent
t a peisonts mental resources and the effectiveness of their
problem solving, Kithout hatein,g to worry about Individual
differences In experience. While this is a reasonable scientific
goal it Tit's the geKeellitatiOn of Laboratory s.tudids to field
conditions". In the field pri.blemS are solved by people who have
the background to solve-them. .N

,
. . .In renewing the field we shall maintain the classic
distinction between-inductive and deductive reasoning. In
discussing a particular type Qf problem s*olvinjt we shall use the

. attention deficit hypothesis ai-a device, for organizing the oat'
. .

)
*0' .0,

INDOCTIVt RtASONING

., .

.

A popul,ar method ,of studying inauctive teasoning is the
concept identification paradigm, In whi9h a person Is shown
exemplir's ang nAnexemplars of, a.class of items, and askeo to
state a general rule for class memhership.' The items used are
typically meaninAless forms', suet% as letter strings or abstract
geometrIc ciesignSt' Concept idenkif.ication problems are described

P

in terms or the information processing characteristics they
.

present. s Tne items themselves may vary In the attributes that
define thep4 and ,the Complexity of the rule defining class

N
t 1

. 401,ember,ship.m.ay be varied. In addition, problems may be clesoriked
in terms or the size of working memory required to hold enough
-information to define an answer, (Hunt, 1%2/4

'
'. . .

answer,
LI .,

bripley, Jovich4 ind414Laugh1 in (197%) ebserved age'Ofects
in a concept identifi,pition,study using teeter string stimuli. .

Eamh problem c6nsisted'of the presentation'of three letter
'strings, each labeled:with'.eitiler a H.fusorlie tiH, The taxis wis'to. '

define the rule usedito assign i stringto the 14" or " fi . '
.

Category., to illustrates
z---..

one 01 the probleqs contained the ,

strings. ' ..
,._

,
,- . ..

. .1
.,,

-

. - 4

a
.

I 4AB -ab.14. :

b . .

, ,

Y
.....+'

A-
., "

.,.. .

.13 a + -4, 4
.

v.

. A

Tni rule for tnis problem IS that the _label "*" Islarsligped to ail

strings containing the symbol "anew Iroblems -were made either 'hard
_ or Jiff -i-cult In a variety_of ways. in some problems all the
strings were presented together, In others the strings were #
ertsented Onelat a time. IA other cases the'rule.for aSIMigning,
kabeiS was more complex. Some example,prftlems are shown In
Figure 36.4 Somali Out statistically reliable drops in the nuiber
of problems solved were found throughout the age range from'20 to
65. . - #

'S
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The Brinley at 1,14 experiment li typical of a large number of
studies of concept identificatipn in the elderly. The other

..._ studies idil not be reviewed, 'because they all concentrate on the
-contrast between young and elderly feople. 'The results of these
studies iire copsistent with Brinley et al. conclusion that there
is a decrement in inauotive reasoning with age. The data
presented in ohr review of Psychometrics also indicates that I,

performence on inductive reasoning tests decreases. with age.
11

Althouh concept Identification studies may be similar to
4°0e-industrial tasks, such as trouble shooting electric circuits,
they are certainly norepresentativeof how we learn "rea) life"
rules for clissIfyinci-bt,bjects inta....,,trees, people, Alcplanes, and
what have you. Several theories cot-'how this does occur have been
proposed (Johrison-laird and Mason, 1977), anal none pf them bear
.very much resemblance tO models of concept Identification. To our
knowledge, however, studies using the more modern modlis of how

. real 14e categories and rkiles are formed have hot penetrated the,
litpature on ajind.

aDUCTIVE.PrOdIEM S0LVING

Ihe,literature on deductive problem stiVir0 resembles that on
inductive pr.oblem salving in two respect; tirtualli4ell studies
Contrast young and old subjects, ano they generally ,conclude that
older, subJects show redece° powers of deduction, bdt that therm
arewioe individual alflerences: Arenberg (1914) reported-one of
the-few experiments tnat studied ipolviduals of intermediate age ,
and, unfoitunetely for our purposes.' Mis yOungests subjects were
in tneir 30s, ,and ttus were older than most present servicemen and
woven. The!task Arepberg used IA of Interest because it was
-designeo to resemble a problem In trouble shooting faulty
electrical equipment. The problem could be,solved by deaucint6 how
the lamps must be connected, gi'ven observations of the sepuences
in wnich tney-olulb be' turned on and Ole EllIciencY\was.measured
by tri.e number of sequences that people had to observe ibefore they -

Could state the correct circuit. Groups of middle. and upper class
males were tested twice, with en intervening period of several
years. Suojectssin their turtles were more effi4ept thin those
in tneir sixties (ther.e,we(e further declines in the 70s) that are
not,ot-cbnce2,0 here).' An analysis of individual steps in problem
solving show,du that tnd decreake in\effeolency wakla-rgely due to ;.

an increase In the numberApf non-informative stepr taken white r 1
testInb salubibns.' T614 Is a typical finding in studies -df
deductive reasoning. Having formed a hypothesisp'people seek
Information tnat will confirm.the,hypotnesis in old situationsom
ratner tnan testing it in new sitOati4ns (Mynatt,-Doherty4 and
Tweeneyr I477)..

r
Arenberg's study is of interest becaus1/4e of tne face validity

or the tAsko.erialbecause-ne was able to .say something about the
nature of the age.orelatee change in problem.Aolfing. A frequent
comme'ht about aging is that people become more cautious, which

A
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Aging and Cognition

does describe the problem solving behavior of Arenbergls ,

participants. To complete the picture, Arenberg's design should
be extended to studies of changes in "problem solving behavior over
the 20-40ege range.

S.

a

We'earlier raised a 4uestion about' the'generalizablijty of,
,results bated upon laboratory tasks, pointing .out Oat we would
expect older, more experlencelpi indi.viduais to do potter on
problems that were meaningful to them. This doei not mean that
mekInsLa problem leagingful will necessarily make it'immUne to
age-relateddecilnes in performance. Two studies nave located age
differences in reasoning with familiar material. Friend and Zubek
(1958) gave the Watson- .Glaser CritiCal Thinking Appraisal test to
a sample of over 450 people of widely varying ages and educational
backgrounds. This test ptesenti people with paragraphs stating
plausible situations. The per-son is then asked either to a)
deterAine the plausibility of conclusions drawn from the
information in the paragraph, b) tokrecognize the assumptiOns
'behlird the arguments "presented, c) to use logic anoweigh the
evidepct- for different conclus ns about the situation described,
or o) to evaluate the logical aherence of an argumenA for or
agaigst a proposition Itateo in the text. Friend and ZylAttis

1 resul.ti are shown .in Figure 39. Test scores increased sharply
troi ilaole4cence to the 20's, peaked ih the 20-40'idterval, and
declined from the 40's onward: .

The result s Invfn igure 39 sh ow grieater ade effectson
reasoning abi.lity than is typically found? so a word of caution is

. in oroer.. The Friend and Zubek study, though large, was a
cross-sectional study. As such it was subject to a.confounding'
of conoAt and age affects (see Section 2). In particular,
improvement ih educational practices in Can'ada (the site °tthe
Fritno and Zubek study) over the period 1920-1955 could have ,

produced.a cen-Ort. effect that, would have petn confounded with age
effects.-

ry

-Friend and.Zubewes results conflict.with those of Lach-mank,_
Cachman, and Taylor 11981)s, Who found that oltp....450S) ono youhger
subjects had virtually an equivalent ability tt recall real Woril
facts. Lachman et al.' went on to ask their subjects.to draw
inferences basAd upon these facts. Some of the inference problems
wer.,e quite aifficult. An example is "

"What horror story charoceer would starve to dektp,in
Nbrthern Sweden in the Summer?" .

s

(Answer. )racula, because, the sun never sets. The respondent.. .1
itotrcail facts aboutjracula and about the Arctic Circle, than
-draw Inferences from these facts.)

,

Lachman' et al. found NO Offerences between cider and younger
subjects in their ability to araw_such 'inferences.

_ ( -
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while Lachman at al. also used,a cross-sectional design,
their subjects.were public saps's)) teachers, a group specificalqy
chosen for 'study because the /requirements for entry Into this

' profession had net changed markedly over the time period of
interest. Lachman et al. hoped that this would reduce cohort
effects clue to educAWnal differences. Another difference is
that the Lachman at subjects were better educated then the
more heterogeneous group studied by Friend and Zdbek. Several
authoritkes have cip4med.that people who are more cognitive
capable as ,young aduitt will-be mgre%resrstant to aging. :The
topic Is farther developed in Section 10.

z-

.

REASONIllb 'AND LANGUAGI COMPREHENSION

aWiprehending language is not normally thought of as a p rotilem
salving task, but it Is one. It is not possible to understand
normal discourse unless one draws inferences thal go beyond tne

-* explicit propositions in anotterance. Conlloider the statement

"A ,putning cigarette w s c relessiy alscarded.
destroyed thousands of acre o virgin forest."

. -4,

This statement contains four explicit propc,sition.s:,,
. ....----

The cigarette was burning.

The cigarette was di carded.,

d/

i re

,

,,The fire lestroye thoutands of,adres of rarest.

,The forest was a virg in forest

In aoaLtion the statement ,contains an implicit proposition,

The cigarette started a fire. , ..A' .,,...

The implicit proposition must be deduced by combinin2,explicit
piopositions aria real wortd knowledge. 'For, brevity we shall' efer

_,to comprehension inferences. Speakers and writers normally assume
that itsteners and reaaers will make coiprenension inferences.
Indeea, it 4s quite hard to communicate toprecisely that , ."

comprehension interences need not be made. Because these -)

unconscious Inferences are se important to the communication,
process, any weakness in arawing,tfiem could have serious ,

conse4uence.b if pebpte ere knyoiVed in situations in which they
have .to undintanc and respond to verbal or written messages. For

this,ceason a report of age tel.sted weaxness,in comprehension J,

inference (Cohen,, 1981) is 0, cosideraule Interest. Although :

this study was laSid on a contrast,betwien 'young (20s) and old
.

..' .
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( ) subjects, it will bp ulscusseO in.detall becave. of its
ications, . ?

, . _ F vta 4. ,. . AP
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, , w

41r. Cohen had olOandQyoungleopie read several ti-xtsfirh as the
one in Ole "cigarette and forett"iiiiistration just given. After

, all thv texts h 'Id been presehted .Cohen tested tor_recall of .

lImplickt and explicit proposltions. Younger ,suojects recalled
both types of propositions equally well (87Z accuracy overall),.

., while older subject*, did slightly worse on recall of explicit__
propositions (81Z) and much worse 458X) on recall of implicit
propositions. Cohen pointed that in normal communication a
listener will simultaneously be involveo in comprenenSion
Inference! oesed.en propositions already presented, and in
detecting the propositions underlying the tax currently being
presented. Thus normal speech comptehension can be looked open as
e special type of dual task. Reading for comprehension should
tnerefore be: easier than listening, because a reader ca urn off
H the current input while- completing a comprehension I ere ce,
while a listener cannot. Cohen pointed ou% that this p ly

does not matter for young people, who can darry'out doiFrehension 4

inferences fast enough to keep up with a person who is talking at
a normal conversational- rate this mi_ght not be the case4Wor the
elderly, because of their Slower rete.of mental computation. TO
test this hypothesis,. Cohen had young and old suojects recall the
propositions presented In eitner written or spoken text. The mode

. of input lade no ditter14. for the young s'abjects. The older
subjects found clearly sken text more difficult to'tomprehend.,

.even Vough Cohen took Pains,tb ensure" that the acoustic signal
was. strong enough sd that the comprehension of Indivixlual words
was .nut a problem. ,

#

'

Conents results can be Kiewea as In inevitable consequence of
the slowing of"mentAl processes with age. If this is true, slatting
is having a consequence2po a very important function, the al it Ity
to understand speech.- At `a theoretical level, this suggestsa
revision of the psychometricia "Classic aging hypothesis", that
,is we liTe- verbal abllities ate retained but non -- verbal abill les
kirai out. The svidence foil( e ciassic,aging hypothesis was
loath-aro:1 expirlMents,usin verbal comprehenlion!' tests th t
often old. not otstinguish b tween undeistandingltor Implicit and
explicit propositions. .Elsewhete Cohen (1914) nas argued that
thesAtests also failed to examine ling4istic situations in which

.th Iiieerlexpfkorking '.memory processes was crdoial. An example is
t e resolution of anaphoric, retereno.s, e.g. establishing's
r Terence to "she" when it occurs it tA sentence. Cohen found
ag related pertoTikance deolts In r*sgiving anaphoric references
an fn other aetepti4 demanding aspects of comprehension. To the
ex ent that Conenos results are geftefelitabies psychologists may

,b forced to ctin4lude that there is a greater drop In verbal
oPprehension in old age than was previously believed to occur.

Y Vora information Is needed about the parameters of the
Phenomenon Cohen hasipeported. we need to know 'what the relation

71
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Is between age aftt-tn extent of loss of c omprehension inference
and,how this relation Is *fleeted by other characteristics qf the
Individual and the situation. The slibjects In Cohen's 1981 study
were all British university graduates. In her 1979 study two
educational levels were considered (university
graduate-professional vs. British Leaving Certificate levels,
roughly equivalent to U.S. technIcal,high School gradu'ates), and
markbd effects were found of educgional level as well as age.
Unfortunately other incomparebilities between the two, groups make
it inadvisable to consider age x education interactions. Still
more Important, we are quite without any oats concerning changes
In comprenension inference in the 20-60 range. if Cohen is

_ correct in assigning the deficit In comprehension to a slowing in
the rate at which older people process informations then drops in
comprehension inference should begin to appear during the working
years. The drop should be,greatest whenever comprenension
Inference nao to take place In a dual task situations or In a
Situation that was alieady attention demanding. For example, If a

communication wereto be received over a noisy channel, stiih as a
loudspeaker In an airport, comprehension Inference should suffer.
We aireaoy know that as people age, the perception of individual
words In noise becomes more difficult. Comprenension Inference
might bt even more sensitive to-age under undesirable conditions
of communication. These are speculations with both theoretical
and practical signifi ance. It woulbe highly desirable to
investigate the pheno ina'reported by Cohen in' considerably more

SUMMARY

Thi data on age-relate° changes In reasoning and complex
problem solving are unfortunately sparse. In this area, even more
than In the literature on aging(in general, investigators have
concen rated,on Comparisons betwTen "old" and "young", with little
attenti n to the 40 year interval betweend20 and 60. Those studies
that ha been done of peoplavin their working years suggest that
there ar age sensitive changes In reasoning. Furthermore, these
changes may bear a sensible relation-to changes in more elementary
information processing Capacities. To answer this question we
need stuoles In which *Milts of varying aces take part both In
experiments on elementary functions, such as memory and motor
acision making, and In experiments on inductive and deductive
problem solving.

The report of a crop ir; theAubtler aspects of speech
comprehentIon With see is extromily interesting, for both
practical and tneoreticak reasons. Further study is clearly in
order. Apart from tne study of skeeter' camprehension, a boners,
criticism can be leveled against the regeirch that has been done
on Problem solving. Are the right prob(ems being studeo? Why
are we. interested in how people solve novel, made up problems,
when In praccjce they deal largely with the sort of problem they

J 125 :72,
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have been, trained to solve? This criticism can also ke made of
literature on memory and aging. The criticism is amplified upon
In the next section.

MEM

10. A CRITICISM OF THE LITERATURE ON
6

.
R

LEARNING, MEMORY, AMY PROeLCM SOLVING

Over the working years adults gradually "think core slowly."
Tne loss in speed of mental process.ing is continuous throughout .

the working years. An individual is unlikely to notice the effect
of cdgnitive slowing until the late 40s, and not even then for
some tasks and peoples but on a population basis dffects are
probably evident by the 40s. While the evidence for slowing Is
clear, the evidence for a drop in accuracy in mental processes
(wink' the working years is much weakerlp.Should we then conclude
tnat people are progressively less cognitively competent as they
age?

The laboratory date are inconclusive. "It depends on the
tasK." If the tasK requires rapid responding, or hf several
sources of information must ee monitored at once (thus forcing e
arson to deal with each source quickly) older people orabablt are
less efficient, on the average. If cupid responding is not
important, tnen age is a much less powequi determinant of
performance. Taken at face value, these facts about laboratory
performance suggest that as people grow older tney should be ,given'
assignments in which very rapid responding (on tne order of
milliseconds) is nbt required, and where it is not necessary to
monitor several sources of signals Simultaneously. We shell now
argue that extrapolations from the laboratory should be done only
witn caution, because of an,important limitation both on the
situations studied and on the conceptual thinking that lead to
their development.

The Point has rape telly men made tnat tne is,Xperimental

(y
to a low far theliterature otters no a oenefits ot experience.

Virtually all adult learning and problem solving builds upon prior
knowledge. Any reasonable extrapolation from laboratory to field
performance must take this into account. It is not at all clears
thougn, just now experienCe is to be taken into account, Inlarder
to do so one must h e a detailed conoeptuaiizatloh of how Prior
knowledge influences bf incorporation -at new .information into out
memories.* 1Simply saying "experience counts" is net enough.

In 4 paper that has had a Aajor influence on Cognitive Science
studies, darviD Minsky (1975) argued, for the concept of "frames"
of Knowledge. Minsky described our minds s being compose() of
frames thatjdescrioe prototype situations. hen we encounter a new
situation, 4e decide what frame is appropri and use it to
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organize newly presented information. To repeat a rrequentA
cited example, we hive a frame for ".eating,out", and our
experielice 44th any on9 restaurant meal must be fit into that
frame. Other authors in the Cognitive Science flela have used
other terminology, such as "scripts"ISchenk and Abelson, 1977) 9r
"schemata" (Rumeinert endOormArit 1975) and, to be far to
psychologists, the,OSsic- Ideas SFS made quite Specific in
Bartlett's 9enertliy Ignored) analysis of thinking (Bartlett,
1958). The princitie Is slifte. Virtually any Comicated
experience Is to 44 dealt with by a.rathef tightly organized,

/ special purpose teX. of problem solving routines that have been
created asda result of our owni,personal histories. These routines
tell us what to notice and how to remember it.

The imporIence of nsviniji ir'ames appropriate to the task at
nand his been neatly illbsIrated b contrasts of the behavior of
experts and novices (Bhaskar and S1 on, 1977; Coosa and Simon,
-1973; Larish.et 814, 1980). The fl.les studied nave ranged from
chess to'Oysics prObtem sol Ing. Although the stuales milthin any
one fleld tend to, be rather w they Wil converge on a/common
conckosson. _A good problem solver in a specialty field is-4
person wno has learned how to deal with the problems that are
encountered rh triat field. TnatAchniques nave. been learned to
deal with obelous.problem solvinp Altuationsf such as the standard
openings at chess, Is. hardly surprising. t1 -t Is of some interest
to fin'a that physicists seem to have "statdare openings" to
probreN analysis that are in many hays similar to the chess
master's /openings.) Learned frames may apply at the perceptual
level as well. Chase Ana (1973) have shown that expert
chess players remember more from a single glance at a board
position than do novices. Why? Not because they are superior
perceivers, torixpehts.and 904COS are equal in their memory for
illegal arrangements of chess plecei, Experts have learned how to
100K at the board, and how to sole' patterns of attack and defense.
Experts in a fiela may be partly born, but they are very largely
maae.. It takes time.(and.aeing) to make them.

Pumetnart ana Norman (1981) have aeveloped tnis theme, using
the "frame and schema" terminology of Cognitive Science. Thev
claim Lhat very, little humeri baCilt learning Is properly described
by the bit ty *it shaping of stimulus-response connections that
might properly describe tne way a dog learns tricks. Even less or
Duman learning Is mirrored by the learning of arbitrary
connections between unrelatea words. .Instead, Rumehart and
Norman maintain, when adults learn they learn (a) how to moaify
tne situations: n which complex response schemes lipply and lb)
occasionally they learn whore new_schema.. If Rumeihart and Norman
are correct, nen perhaps 90t of the literature on-human learning
Is simply not r- elevant to the sort of isarnirtg that adults do as
they maintain their competence in industrial settings.

,hescritling in oetall the.Cogniti've yence approact. to
leirninj would carry us far berro the scope of this report. The
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cdncepts oft6e field are Just now biing worked out. Indeed, to
an observer of the fiela they are in a disturbing state of flux,
and it Is difficult to determine when there has been 4n advance
and when mere nes been a change of Jargon. This situation may be
inevitable in a new field. A more serious issue is that tht sort
at thinking represented by the Cognitive Solana* aPProach,has
hardly touched research on aging. (There It ono, Ones fleeting
reference to the approach In the American Psikahological
Association's collection of papers "Aging In thi 80's" (Poon,
1980 t, although this anthologyc is supposed to represent research
at the leading edger of the field!). Yet it is In the field of
human adult learning, especially in Industrial settings, that tne'
Cognitive Science view is most to be important,

Although we are quite esthout oats, we suggest that the
experliental ilterature presents a bleaker view of the 30-65

V period than Is warranted: As people virrow older they acquire
, experience. In pirticular, they acquire experience about their
jobs. The imeortance of learning in industrial settings has been
ae4emphasized In research on aging, because most of such research
has been targeted toward unoerstanding the probleos.cif people Id

the post-retirement yearf. For rather different reasons, learning
based on pr.for knowledge,is not a topic easoily studied using
twenty yeet old coAlege'stuaents. One cannot gain a ;nature of
tht mental capacities of 40 year olds without'considering both age
effect> and learning effects. Althou.gh people undoubtedly are
!'thinking more slowly" as they more through the 3ps, 40s, and 50s,

they are also thinking more efficiently abbut the things they

know. Under tne' age of 60,"older drillers har4 better ace dent

records. Older pilots fly our airlines, and regularly pe, split

Second decisions that protect the lives of hundreds of pe le.

Older lawyers,defeat younger *ones in courtrooms eery day. Why?
Because the more experienced individuals already have their

frames. The younger ones may be quicker, but their frames for
r.esporiiiing are not yet4built.

On the other handr:traits do not always fit and technologies'

do change. 4At some point, probaoly not far from 30, we may reach
our peaks as physical systems. As information processinglystems,'
we peak 14te6'provlaing that we keep our frames current:
Eventually physical deterioration wilr overwhelm us, but thls'may

4 take a long:time. The tirst challenge for psychologists is to
aevelop a theory with which to conceptualize fhe'age-experience

tradeoff. An orderly experimental program cannot be developed
until this Is done.

5
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i, , : '11. INDIVIDUAL DIFFERENCES ..

,
.

.

Throughout the working years people
.

become increasingly more
different from each other In alioSt.ebsery aspect of cognitive
terformance._ TA appreciate the size of the change: the reader .

light glance back at Figure 3, which shows the distribution of
A scares on the Raven Matrix intelligence test as a function of. age

Aileron and Chown, 1968), and at Figure24, which presents similar
data for speed of response Actiectlen (RobertsonTchabo.ana
Arenberg, 19761. Although 'response selection and_ nonverbal
reisoning are. suite different cognitivi behaviors, the ,.

tdistributions shown in the two tigutes are similar. The mean score
'bri each perfgrmance measure decreases with age, and the average
deviation from the mean increases. In every age group below 70
the number_of people exhibiting high levels of performance remains
,constant. The number of people exhibiting poor performance
Ireases wle ages "'

.

.
.

a

Why should individual altferences increase with age? One

reason is simply that increating age brldus with it an increasing
disparity in life experience. Eighteen year olds in our socle-ty
li share a single pervasive experience, a reasonably uniform

school system.. By the time the same people'are in their forties
t tbey will have naa years of experience 1 #ifferent life

situations. This Surely 'm ust be a major neributor to individualrip
differences In mature adults. There are ISO, some variables that
appear to exert a pervasive effect on adult cognition). Three w1.11 .

be disousseo here; level of original ability, general neaith, and
exposure to toxic substances, indlung diet and drug habits.

ve There are obviously many other Sped's' influences that contribute
tRinoividual differences in epopulation atoidgi peoples such as

.00urrenoes of brain damage due to-accident or. infection. Such
special causes are not not.indisidually widespread enough to
warrant extended discussion. In tdditiontthere are genetically
Inherited tpr ieneticelly densitive) diseases that influence

,, cognition, such as Alzheimer's diseasand Huntingtonis chorea,
, .

Awhe,se symptom& appeir only in people past thirty. These
pathologies are of consraer4ble medical interest, but are
relatively-rate. ., ,

. .

_.,
. i.

INI-TIIL'I.EVEL.OP ABILITY'

The term "'In itial ibility".011 be. used to refer to
Perfpreence on conventional Psypometric tests of intelligences
taken.ouring or shortly aftet epersories school years. No stand

oe taken leLs to whether tties4 are predominantly genetically or
environmental 11 determined., Rkthelr, we take the Oragmatic view
that thescpres themselves are a'fact, and ask what sort of

12396-
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statistical predictions can be made about adult per-fore/Ica given

knowledge the fact. .

.

Before World War.I it was 'wtOely believed that 'people who

?showed unusual talents as youths ere likely to be unhealthy and

. neurotic is. they miturad. In the, 1940s, Lewis Term= and his
colleagues Initiated a longitudinal study of gifted children
demonstrating that the ooPtosite is true. "yermen's participants,
who. generally had-intelligence test scote5.,above 140, had

exceptional success throughout adult life. Their scores on
(predominantly verbal) intelligence tests were consistent and even'

increased (Kangas and Bradway, 1971; Terman and Oden, 1947).
A

'While the logic of Term-ants design has !len criticized a number

of point-sr-mostly concerning the tack oat a control groups the
adult, lives of fits gifted group were so'far above the norm that <

Ine major conclusion cannot be seriously questioned. Other

studies of people of above average mental Ability (although
usually not so sdperioe as Merman's subjects) have confined
Terman's findings (Rayley and Miens 19551 Nisbet, 1957, Owens,'

1953, 1906). h individuals show stable or Improved performance

levels%ver the working years. It should oe note ,'though, that

most of the ter s Used In the studies oiled have een heavily

weighted toward verbal p rformance

A rather different picture,is obtained when' one examines

longitudinal studies that include ases boy the-average and below

average Intelligence @rig Socio emit status (SES) ranges.
Tuddffddenham, Blumenkrantz, and Wilkin (1'968) gave tne Army General

Classification Test to a group of servicemen wno were retiring

from the Army after 20 years service. The resulting scores'wtre

'compared to the veterans' entrance scores. Tuddenham etalOs
sample consisted mainly, of petty officers and sergeants. The

distribution of test scores at, time Vf original enlistment
indicated tnat they were representative of what would now be

classified as MentarCategories(II and.II1 -- the groups that are

considered to be d'slrugle for enlistment (Cooper, 1977): The

AGCT consists of four parts( a verba4 test, a spotial,perforpince

test, an arithmentle computation tests and a reasoning test.

Tuodenham et al. f6Und decline moll four tests, with the_ largest

declinet.25 standallo deviation units) on thespatkal performance'

test. This decline' was the only one that was stitistically

-reliable. 4 The verbal test showed the least decline (.1 standard

_deviation units).. 'Considering the fact that all subtests showed a

smyil decline In an age interval When otheriongitudinal studies

generally find some Increment, the presence of small dexiines In

this population seems likely. Tne Tuddenham et al, study is the
4 only one-45-repor a longitpdinal decline In intelligence from the

20's to the 40's. The pattern o the small declines was
consistent math t e claAjb agin pattern, ,J

.

I

In Sectio n°,3 we btiefiy desfribed the elegantly designed
combine() cross sectional ,and longi udinal sample constructed, by

,
Scilaie aro his cbwoekers. Schale s sample wars drawn from a large

I'
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grog. hesithicooperstive, and can be considered to be intereediate
between tne college-trained, upper middle class and gifted
populations studied by Tiernan and his foljowirs, and ttit military
group stuoled by Tuddenham and associates'. Hertzog (1979)
conducted a detailed reanalysis of Schr ss data, using
ultiveriate statistical techniques th t were potjavallable when

e

the data was collected. He formed a general intelligence fictor
(GY from tne Thurstone Primary Mental Abilities (PMA) subtests,
and abed a longitudinal factor analysis to examine the consiftency
of Ina visual differences over three test ocCasions (14 years of
,longitudinal aging). Individual. differences In G were
surprisingly constant over the working years, with correlations of
.9 or'greater between occasions. Tnere w,as also an increase In G
variance, beginning In mi%die age and becoming more pronounced

I

past 60. This is consistent with the proposition that there Is a

"fanning" of scores over age; people at the,hlgher levels
maintaining or even increasing their Scores, wnile people at lower
levels showing continually decreased performance. It should be
noted, though, that there are other effects that could have given
rise to liertzogis okteivatIons (e.g.,'Interactions of practice

k. effects with initiar ability levels)'. Consistent with Schaiels
observations of the raw PMA scores, Hertzog's analysis found no
longitudinal, decrease in mean scorn on G over tne workIng years.
Age. group means increased longitudinally througn the 20s,and were
constant until about age 55. The increases Iii variance about this
pattern of means suggests that some, but not'all of the 40 to 60
year olo participants were declinifti in intelligence -- while the ,

high correlations between bccasIons Indicated tnat those
individuals who were ,declining were predominately from the lower
levels of initial ability.

;

Taken r1 together, ese studies present a surprisingly
consistent result. The pat ern 6,1 change In cognitive performance
varies wan the initial cnaracteostics of the sample. Studlis 'of

..people of high Initial ability, and 'generally high SES, 4Terman,
Bayley and.edens Nisbet, and Owen studies) show constancy or
improvement over the working year .NSchaleis study, which dealt
with peopiegiasonably represent ye of the'more stable elements .
ot.the Seattle area (I.e. peopje oeremalned affIllated\mIth the
same health aaintainencetorganitat)onrfor fifteen years) showed
constancy. Tuddenham et al.'s tudy of 20year roes from the
military indicated a small q c ine. Note that t era are no
Stugles tnat have followed below averagelpopulatiun comparable
to Mental Category 11/: The results frIbm ofner ability level
croups kosse the possIbilit that the lower abillty,indivtOuals
would show the lireatest age elated declines during the workOlo
yearss

Longitudinal studies of mfg have a heavy bits towaro
studying.the stahlp, relatively prosperous elements of our
rAlso lety. g appears that such a bias would ieau one to

oerestimate the size and perhaps the nature of decrements In
intelligence test performance, especially at ine lower °nos of the

/
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scale: .GIven the-cheraCterlstics of the current Ornery force,
which appears to be Increasingly biased toward recruitment of
personnel in Armea Forces Qualification Jest categories III and
IV, it wool(' be nIgtily advisebis to ,.obtain more information about
cognitive change with age In populations with Initlilly low test
scores. More Is .needed than slop). observatron, we,need to 'knots,
WI)/ th* decline occuri. For instlance, ,"dlsuse at cognitive

/ skills" has beeqrproposed as one explanation. Individuals of
/ hAglier initial ability are thought to occupy positions IA society

\--that !e'ea to their Continue(' use of problem,solvIng 0111s, while
individuals of lower ability may not exerotse skills similar to
test taking skills in everyday life glum and Jarvskt 1974). If
this is the case, and if the lowered test scores for "low setribc
adults" do not reflect their orifthe-Jobiperforlance (broadly._ -

evaluatco), then there is little cause Tor On the other
hand, 11 the lowered test scores reflect he Influence of 1-Lfe

style variaples (health habits, crud use, responses to stress,
etc.3 tnat are actually producing-sub-611 4cal damage, then
concern Would 'd be warrantee.

0

GENERAL STATUS

Healti7 factors'Interac,t with aging ancitcounItIon more
strongly than Is generally realized (Eisdorfer and Wilkie, 1977).
Consloer speed of response selection (CRT), whicn we have
previously shown to be sensitive to age. One of the consistent
flnaings in the gerontological literature is that poor health
produces greater slowing of CRT than is found Lo samples of
healthy.olaer in vIduals (illrren, 1965; BIrren, Woods, and
Williams, 19'80;30; El dorfer and Wykle, 1977).

%iv
. . .

Choice reaction time is particularly sensitive to
cardiovascular disease, a class of physiological pathologies that
generally increase In frequency witn age, but are also correlated
with a person's choice of life style. In the extreme,
hypertension can lead to stroke, whicn is obviously not good for
codiiition. 'Much finer effects can also be shown. Spieth (19651
stuaelea tne effects of hypertension ana other caralovascular
aiseases on a group, of pliotslmIlitary and civilian) and air
traffic contwIlers. He gave a battery of psychologlial tpsks at
the of the annJal medical certification. Men biqUeen ages 35
and 59.paulcIpated In the study. As would be expected/ most of
these inal-v"Tdvals (338 out of 473) were found to be. id excellent
health. Others, however, Itere clianosql as having milnor to severe
caraeovascular disease, Including hypettension,.arterioscle otis,
coronary neart disease, anti cerebrovascular_disease. Splethls '

.psycnoiogical measures Included a 10 choice RTttask, the WAIS
Diclt Symbol SuostItutionOnd Block Design subtests, the Halstead
Tactual Performanbe Test, and the Reltan Troll Making Test.

t

Figure 40 shows the 411/stribution of pilot and traffic controllers
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on a composite spbed measure (constructed from the RT task, the
Digit Symbol Substitution test, and the Trail Making Test). Note
that', in general, individuals with evidence of vascular disease
(with the exception of medicatedhypertensives) score Older on the
speed measure'than healthy individuals. The means stWgest that
the effect Is additive with age. However, note that the range of
scores for the dtseised inolvidu is increases dramatically from
.age 40 to 60x, such that some dis ased individuals are markedly

;slower than their healthy coup erparts. This finding probably

* severity of disease, and consequently, disease effects.
reflects the fact that there are individual difference In the

trios

data therefore ,fuggest that cardiovascular pathology exacerbates
4- any notmatve slowing in cognitive performance seen over the

working years.

One should hot misinterpret Splethos findings about little
deficit In medicateo hypertensives -- tneir relatively good
performance mEghtave been specific to a mild form of "essential"
or benign nypertensions tight (1978) has reported data which
indicate. that medicated renal hypertensives (hypertension
seconoary to kidney aysfunction) show evidence of RI' slowing
during middle age. The cardiovascular effects may also be .

observed In a slightly more select subpopulation than that studied
by Spieth. Szafran (1960 found small, positive correlations ( r ,..

aoout .25) between good carolovascuisr functioning and choice
. reaction speed In a sample of commercial pilots. Although the
size of this effect is small, it is important because Szafranis

* middle aged pilots were much healthier than the general
population. One would expect to find larger effects In a study of
a more representative population. ff

The same point'has been made in a different Ray by Spledus4ls
(1960) study of reaction time In peopl w do or do not
participate in athletics, an activity which arkedly improves
cardiovascular status.--Figure 4146presents re ction time as e
f nctton of age (20 vs. 50) and participation sports (inactive,

#T tinning, racquet sports). The figure ceirtainly supports the
maxim, "a sound mind In a sound body." While studies such as this
Can be faulted for not cantr,olling for selection effects, one
still has to be Impressed with the fact that the activeInactive
contrast js what one would expect by simply extrapolatingSoictils

' aria Szatrants results to a More heterogenous population.
. ,

..;;nese results otter a good deal of encouragement for tne
futu.e. Epidemiological trends indicate a tIllaht decrease of
hyptertenslon in tne -general population (StalloreS, 1960). More
generaill, hypeitension is a disease that yields to an
indiviaualls uhoice of dietaty habits (including smoking) an4
litsure time activity. A ct+ange In personal habits could provide
substantial protection agarrist biological deterioration that would
affect Fuental functioning. Tim result's of the Spieth and Szafran
studies suggest that medical sckesnimg or the type used for pilolo
and air traffic controllers would be useful in indicaling those
inoividuals at risk for poor work performance because of disease

J./ Y
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. GcNERAL .EXPOSUM TO TOXIC iNyfRpNtliNTS

The literature cohtains sev eral.stugles indicating that
exposure to toxic substances the environment may Influence
cognitive fungtioning. The nature of the damage suggests that
subclipacal brain damage may have Occurred') forwtne tests that
reveal anvironmentti exposure effects are generaily those used n
the analysis of the behavioral effects of known braindamage.
Atmospneric lead is a good example. It has been snown to be
astociatea with reduced performance of nolyer'oal reisoning in..
Industrial workers (Vaiciukas, Lills, Fischbein. ane Selikoff. OD'

1976)o Lead s also been implicated as a possible causal agent in
behavior diso,oers, in chilaren (Phil and Parkes, 1977).. In
Section 4 we presentee eribence inoicating that exposure to ,

unusual noise can cause marker reduction in hearind, witn a
possible concomitant'ehange in cognitive capacity kgmes,tc the
increase° uttentional effort required kri verbal cdiprehension).
Such effects are best consioered on a case by case basis, Ma*
coincloent witn the examination of specific anviroftments, rather
Char' as part of the general topic of cognitive change with age..
The:results are cited to illustrate a possible source of
incividual oifferences in adult cogriikkon.

,
N )

Oietary influences are somighat more pervasive: 'Huma ns are
remarxably Immune to long term.effects from short term dietary
deficienclas, .even to the point of near starvation (Stein et al.
1v7L). While prolongediatAnt malnutiltion may have serious
consequences, whatever these miOt be shoulo be accomplisned,fact .

by young aJulthoou. Th91 we oo not tnink ihat mainutritiun, per
se, is a serious influence-Aron cognitive performance during the
life ut a working serviceman.

How ah altiltes choice of an soequatekolet mldnt affect
cognition Is a matter of suredebate. 4 number of ourncrmal food
items, such as co4fee, can be shown to have meaeuracie short term
effects on cogniVon. Indeed, toffee fano to a lesser extent,
sore soft ortr00 are taker explicitly for, their psychoactive
effects. Somewhat surprisingly, se itnow o no studies of the long
term effects of_ dietary stimulants upon crognition in adv. ts. More
recently, attention nas been` galled to the potentially Do
eft eats of substances acme° to foods as'preservatives or coloring
agents. Research to date.has focussed on potential clIbical
effects in chi loren (e40. Swansgn any Kinsbourne, 190; Weiss et .

Si., 1940). The serious Suggestion has been lade that long term
, ecychoactive effects -of f000 adoltives may carry over into adult

life (kiwi-and and Larson, 1984). Nvispecialists tent: tO ,dismIss
sugn concerns as "food fads". We woll7sovise, an intermeolate

oft
,
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Position While the evidence-gathered to date rs not su fficient
to warrant any action, we would sotfind it Surprising if
subsequent research did show that some of the individual
,differences in intellectual change in adult life are associated
with heavy useof.chemically treateefoods.

1
.

Much the same.thing that carGbe said about foods can also be
said abodt th s of prescription and mon-prescription
medication. Drip that are either explicitly psychoactive, as

(

in .

-the case o tranquilizers, and Orugs that hallo substantial
psychoactive side effects, such as the various anti-hypertensive
agents, are being d pore -and more widely in medical practice. r

USR.eecemes srogrAlvely more prevalent as people grow older,. We
-ignore the topic solely because there Is little data on long term
use of psychoactivp drugs in medical practice. While the lack oft'''.
sugl oats is, in our opinion, a serious deficiency in the public
health litefature, it is a problem of general concern to society
rather than ape that is specific to the Armed Services,

ALCOHGL AND,URUG ABUSE
. .

OPE

Alcatel use in th e kilitary. is at leasi as prevalent as in .

civillin society. According to Capt. Stuart Brownell, USN, the
director of theNavy alcoholism treatment program,

"about.17% of our total force Is afflicted by very-serious
problem drinking and dearly 10% appear to be chrondc problem._

-,' drinkers in need of Immediate help..b%
..

v.
.aptein Br ownell's remarks were made in a press release

..commerqln? upon a 1980 Navy self-report survey of alcohol and drtg
abuse. The same survey Indicated that reported problems of

A chronic albonolism were concentrated in personnel over 35. While
fhis somewhaI.contraalcts the opinions of medical officers with
whom we have dFscussed the problem, we make no attempt td resolve
the ISsue. The point that is rfilevent here le 'that widespread use
of alcohol may indeed oe a,signifIcant source of individual
differences in cogoitive,coxpetencein the services. It is well
known that prolorigtO.excessive use ofialconol can lead to virtual
mental Pncompetencep-including Incapacitating memory disor.ders
(Korsaketr%s syndrome), and a varietyof dementias (Parsons and
Pignatano, 1917). ghat is less welt known is that there ara'
chronic and pernaps irreversible effects Of alconol abuse upon
cognition in people wno are well short of permanent commitment to
a 'rental hospital. The chronic effects of alcohol are relAzt
totne evaluation of changes, in mental competence olth age
because, as ',rough guldeoontinbeda alcohol abuse appears to
mimic ano-exaoerbate age effects on cognition.

Most out the literature dRils with pbgnItion. in "the
alcoholic." While many definitions4r "alcoholics" have been

II! A
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offered* most research work has used the pragmatic definition that
an .alcoholic is a person who has been committed to an alcoholic
treatment program* on either a voluntary or involuntary bails.
Note that this Is a definition by behavior, rather than by the
amount of exposure to the drug.

e

Mental test performance deficits have been found as much es
one year following release from alcohol treatment programs (Long'
and McLadhlan, 4; Rill, Reyes, Mikhail, and Ayre, 1979; Schau*
O'Leary, and Chaff**. In press). -Although alcoholics are not less'
intellijent than normal subjects overall* they seem to perform
less welt on the performance scales of the WAIS. They also appear
to perform less well on neuropsychologcai teitl intended to
measure brain °image (Parsons And Farrs\in press). The general
picture, then, is similar to that found In the classic aging
pattern. Verbal function remains while nonv'eroal functioning and
abstract reasoning performance orops. A catchy way of,summerizjng
thebehavioral findings is to think of an alcoholic as a 60 year
,Q.1,8 who was torn 40 years ago(` Prior to age 40 the effects of ',4
alconolism are reduced. It. Is not clear whetner tills is because
the younger' alcoholic hes had less time to drineor the oloer
aiconolic is mure sensitive to the drug. Both statements could be
true.

The conclusion tnat alcoholism leads to brain damage was
oriOnally mane based on pehevioral testing. The development of
new physiological measurements has. provided evidence leading.to
the same 'Conclusion. Begleiter* Porjesz, and Chou (1981) report
that brain stem evoked potentials are slower in.alcoholics,
Is 'consistent with reports of slowed psychomotor functioning.
Tomographic studies of arcotolic the 30-50 aje range indicate "

that there is about a 50% !neve se in the incidence of signs Of
neural atrophy after ten yeafts or more of stitsive winking. The
comparable figure for control ubjects is at most 20Z (Bergman,
Borg, Hindmarsb, Idestrom, and Mutzell, 1980e,b; Carlen and
Wilkinson, 1980; awl, Acker, and Lishmbn, 1979). IR

... .

../
To wnat extent is the damage inducedp6y alcoholism reversible

by sobriety? Verbal skills are deficient Immediately-after
intoxication, but seem to recover over a period of days 4 gooks ,Il

(Goldman and Rosenbaum,J970. As One woUJo expect, performance
on abstract reasoning and perceptual-motorptills, the cognitive . 4'

functions that are indicators of brain damage, may not recover for
months if at all (Kish, Hagan* Woody, and Harvey,1980). These
result's are typical Of (hers in the literature. Howeyer* it
should be rioted that the ate IS largely based on studies of
alto 1 cS In their 40s. here is some indication thrt

.

reve bility is. possible or younger alcoholics." As the services'
. have ne opportunity of of ering treatment to alcoholics at a

sumewnat younger age tnan treatment is usually offered,"
because tine reverilbilit ry issue is relevant In decisions,
concerning the retention of trAailed alcoholics, further res.
on riiersIbiity In younger alcoholics would be In order.

-. .
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About two thirds of the U.S. population uses alcohol
-(National, Institute on Drug Abuse, 1977)s while at most 10% oould
be considered alcoholics. The mignitude of chronic cognilrve
effects of social drinking is harder to determine than the - 'effect

of,sicohlism, simply becauvl exposure to the toxic agent is not so
great. On the other hand, small effects ofmcial drinking are
,important because olLthe prevalence of -the hit. The most
pessimistic datalon the relation between mental functioning and
social drinking have beeg reported by Parker and Noble (1977,

1980). Surveys of quite different populations have shown
correlations of betwien .3 and .4 between measures of the
amount of. alcohol taken when a person drinks and mentaf test

ores. Parker and Noble also report that the relationship
wmen,deficit and amount of aioohoi drunk is more marked In
le paSt 40. The tests Parker and Noble used are similar to

ed to define "fluid intelligences" and abstract reasoning
ability) which again agrees with the rough plotufeo*Istcohol, as
mimickin=g the classic aging pattern. Another interesting aspect
of their results is that the important variable seems to befit
how much .one drinks over a long period of time, but rather the
highest level of ethanol concentration reached on the occasion of

dr.inking.4 Stated lessabstractlyr "the Saturday night binge is a

very bad thing." This Is of concern to the Armed Services,
because "binge drinking" seems to be fairly widespread. In a

recent Department of Defense survey 37Z of the respondent's
reeortea drinking eight or more dripks a day at least once a month
(Atcohol, Drug Abuse, and /lentil Health Administration Newsletter,

May 1p 1%0311.4 This is in excess of the level of drinking reported
in Parker and Noble's surveys'.

be
Pea
those

we-
-

Parker and Noble's, results are consittent with more detaileo
reports tnat have focussed on "very heavy" social drinkers. This

group shows signs of. minpr brain damage by both behavioral and
topographic criteria ifiergman et ales 1960a; Cala' et al., 197p).

The tomographic data are particularly interesting oeoause they

partially answer a serious problem in the interpretation of

studies based on correlations between mental performance and

drinking patterns. Drinking patterns and mental test scores are
both sensitive to demographic factors. Do people -who drink
lmmoaerately score low because they drink immoderately, or is It

the case that the people who choose to drink heavily are people

who mould neve lo* mental test scores regardless of their drinking

patterns? This question can only be answered by a study of the .

reiatlon between drinking and test performance, controlled for
test performance prior to the aovent of serious drinking.

.

In spite of the prevalent usage of alcohol in ouldsociety,
there are relatively few puplishedstudies similar to those of

1

Parker and tiobleepThere hi7ve;obeen Thfcirmal repqrts of failure to

replicate their work. The question may revolve around the precise
definition of a populetion. The data from the study of "hiavy"

Social arinkerss combine° with Parker andlioblels reports, make it
L '
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clear that there are some arinkin§ practices T nonalcoholics
that are danger tits These practices sees to be represented fairly

4 heavily in the $rvices. On the other hand, no one would argue
that a yiess of wine, once i week., produces cognitive dftegel .

Considering the illidespread prevalence of drinking habits, it Is

importentto.establisn more precisely the relation between social
consumption ol. alcohol and detectable cognitive damage.

OTHER DRUGS Oc.BUSE

ycohol is oriy one of several drugs ofabuse. Others, such

as tbil ,halluoindgens, amphetamines, and cocaine, -have received a

great deal of pubrrcity. Whike the effects of tbese'orugs have
been and oe studied intensively, there Is no evidence at
present to regard this as a question that Is particularly related*

to age effects. `',ots. In the past there has, been a tendency for people
to move from the drugs iftgenerel to use of alcohol as they grow
older iNational Insltute on'Cfrug..4.buse, 1977Y. Whether this trend

will continue cannot be Known. .

Marijuana' is a p6sshre exceptloh to the above statement.,
Inc uet of mari juana -or.,hash4,0, on a.fegular basis* Wes reported by

19Z of active duty serricimen liahe.1980 Detense-Departmenf
survey. Very. little:is known.,,sito.u; the 'effects of long term use

of marijuana. ;t ca65,be-antiokOted that considerable' research on
this topic wi)l be cbaucte; ih-the.hext few rears.

CutitLUDIqG COMMEhT .

-:

The Ii-cera re linOTcates that thy large In4iviOual differences
Nr in aging.are p no meant NrOdm. Level of Initial,011ity,

healtn, and lire stYfe'-- especially the use of recreational drugs

.all inftue6c$1 cogOltixe"ch,engq. .

,

,

.

..

4
.

.

,

*, ,

.. ,

- .

These,fidts underline Ore importance of ii point that ha been

made earlier.. It can be quitemisteadling to generaliz% from age

. ,
effects observed in one - population to,antIcLileted effects" In

'). snotner populialori. In 'oroeCte-deteriolhe how the Armed Services'

would be affected by An extension If eplistment perldds, it.will
.' be necessary to meagpre,the inteiection between .aging, cognitedn,

IMICrel aollip, and health fabtOrs in populations that are
similar to those expeCted to be in theservi,ces in the 1980s.

w. .,
.

.
. , ,

, .
,' -

ij.

,

.
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12. CahCLUSIGNS AND, egCaNNENDATIGNS
. NJ. I, r

,SUMMARY
S.

, As people age from 20.to 60 thefollowing cognitive cha nges
--

take places

I. Verbal and knowYedge related abilities increase. In most
tsituations the. isprttivement in the quality of a worker probably
outweighs the dtsedeantages of age related decrements in other
cognitiveludctioins. 1

.ceTh
2. Sensory and perceptual capabilities decline markedly frog

the late thirties onward. The extent of the decline may not Nbe
apparent from standard medical examination testing of sensory
-function'. ,

- 3. There is a general decrease in the spied of mental
functioning that progresses steadily throughout the working years.
.The evidence that we have reviewed does not support the contention
that mental 'Mowing begins to occur only in late middle eget
ithough it may only become apparent on an individual basis at
t time.

(
4. :Mere is an age related drop in the ability to deal with

:abstract reasoning situations, especially those,involving
inductive reason-inc. Older workers may find it diffiAlt to solve

%.,

novel problems, or reason about new situations, especially under
time pressure. %

4

.1

,, ,
.5. The literature goes' not adequately address the Issue of

nether problem solving using familiar problem solving routines
declines during the working years. Nor does it enable us to
Conclude that there is a decline In memory for newly learned
material that ls.cempatible with existing knowledge. To the
contrary, the evidence suggests'that memory for flmeaningful".

0 Information.ls.not adversely afimected by age. Although the
research literature leaves one somewhat optimistic about the
wrmintenance of familiar knowledge and'problem sblving skills I.
during the. working years, more,research will be needed to indicate
whether technicians and other skilled p-scsonnel would be likely ti
show performance declines.between ages 40 and 55.

an

b.' There are Serge, individal differences in sit age eflXr4p.--
upon cognitive functioning, with the possiole.Aception of the
decrement in sensory capacity. Age rirlated changes in cognitive
capacity, or the lack of such changes, reflect Individual
differences In initial level of ability, In health, and In life
style. Maintenance of one's cognitive competence over the,working
years, s positively related to car4iovascular status and

-86. 142,
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negatively related toexces'srve Use of alcohol. A variety of
other more specific determinanteof cognitive cdmpetence, such as
exposure to heavy metals, also have been,s ggested as a source of

individual differences.

RECOMMENDATIONS

-

The recruitment and retention of older'personnel represents
a distinct opportunity for the Armed Services. There can be no
questibn that, on the average, men and women In the 30's and,40fs
are as_lomPetent fond in some cases, more competent) to handle
Mast 11741me positions than are people In their late teens or
early 20's. nn the other hands there are significant changes in
human cognition during the working years which, could limit the .
effectiveness of some personnel-on some Jobs, "Ili believe the
services should develop procedures that would locate those oersons
who are "at risk" for cognitive chlnges -- both normal and
pathological -- that would affect Job performance. The goal would

i be the development of medical and psychological tests that enable
an assessment of "functional age" rather than chronoloPical age.
These tests couidsoe Incorporated Into the annual service medical
examinations, and would thus provide an effective means of

....screening olden personnel...tor performance deficits. Slightly
different sets of screening measures might be appropriate for'
different types of perlonnel, depending upon the cognitive
requirements of their Joos. Such a screening program would
minimize the potential for pbor Job performance resulting from

) tence.
*

impaired cognitive compe

Our recommendations are oriented toward the development of

°, these screening procedures. Three classes of 'specific
recommendations,will De made. The first deals with immediate
policies, that could be executed with very little fukh4r, Study.
The second class of recommendations deals with research ouestions

that are clo ly related to various physical aspects'of.aglimi.

The final se ofrecommendationt dial with the relationship
between psychological factors and "on the-job" performance.

mi

Recommendations concerning Policy)

1. Physical examinations for personnel over 35 should Include
,extended examination of"auditory and visual functions hevo 'td those
tests now routine in'a Physical examination. In particuier, tests

Nsw...of dynamic visual acuity and of speech 'perception in adverse
circumstances should be developed. Human engineering research
should be conducted to determine how performance onthese tests is t

related to performance in positions where visual or auditofY*
perception is- likely' to be a limit on effectiveness.

877



2. ,Kuman engineering standards for equipment and operating
environments that are perceptual!), demanding should be
reexamined. To what extent have these standards been determined
by experleen n younge0 adults? rn some cases further research
will be needed to establish appropriate -standards.

Recommendations regarding research relating to physiology and
cognition*

3. The phenomenon of cognitive slowing.has be:rliettablished Yn
numerous independent experiments. What is not kn is whether
the cognitive slowing observed In one type of mental. performance
Is the same cognitive slowing observed In another type .of
performance. A multivariate longitudfnal study is required to
determine whether mental slowing Is or is not a single process
that is,affected by age. Assuming_ that a single progess is
involved, it should be possible to develop an index of cognitive
speed that could be included in medical examinations. Choice
reaction time and visual masking.paradigms are examples of
candidate tasks.

1

4. Research should be conducted to rANkte_Ohaviorif indices
or mental slowing to cardiovascular functioning and to chronic
exposure to a variety of environmental and dietary vients.

F. Medically related research, should be condulted to assess
the relationship betweiPrcognition and the chronic use of various
recreational and prescription drugs, including alcohol. With
respect to alcohol, longitudinal studies should be conducted of

,recovery of mental functioning In individuals who successfully
complete tp.eatment for alcoholism. Research is also required on
the effect of heavy social use of alcohol in people in this 25-40
age rave, as this Is the group of most interest to the Armed
cervices.

. .
6. The services will undoubtedly continue to monitor the use

of other recreational drugs by service personnel. in the event
that It appears that the pattern of polydrug abuse now observed in
.younger servicemen Continues as the current cohort ages,
appropriate studies should be conducted of the cognitive el' cts
of continued neavy use of the most frequently consumed
recreational drugs.

. Recommendations regardinp research on complex cognitive
functioning end job performances

7-88- 144
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7. Further studies are needed of the relation betWeameasures
of,pental slowing and more complex tests of psychological 4

fOtctioning, Including conventional intelligence tests, and tests
of aptitude.61 specific tasks. These studies should be directed
toward populations relevant to the Armed Services, is I,t has beer
shown that results ere often specific,to a particulv population. I .

The Reserve Yorces are suggested as en appropriate group for
study.

t

8. A study is needed that relates performance on egesensitive
rtestis of cognitl4e functioning, including both mental slowing end
fluid Cntelligence, to on the Job perfockance in selected

'occupations representing a spectrum of service duty assignments.
The study should be s longitubinal one, in which performance
rating changes over a period of years are compared to changes In
psychological evaluations. In conducting such a study emphasis
should be placed on the study of situations that Involve rapid
decision %eking, equipment operation, and spatial skills.

9. Further information is needed on the predicted change.in
cognitive capacity of individuals wh'o, as young adults, score in
the average and below average categories,. This study could be
combined with the study recormended In paragraph 8, shove%

10. More knowledge is,needed concerning the reestionegetween
age and meaningful learning, I.e. learning that deals wit)) what an
Individual does in Mds or her nbrmal,life. Such a study should

a focus on learning In field Lettings, Perhaps associated with the
Introduction of new technology. Tt Is likely that such research
will at first involve detailed case studies and analysis, similar

.
to Norman's (1981) Cognitive Science analysis of minor errors and-

' accidents. Formal experimentation will have to await further
conceptualization of the problem.

fes

I
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